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Introduction 



The most common forms of degenerative dementia are Alzheimer disease (AD) 
which constitute approximately 60-70% of cases and dementia with Lewy bodies 
(DLB) that accounts for a further 15-25% of sufferers (Cummings & Benson, 1992; 
McKeith et al., 1992, 1996). AD is a chronic, degenerative, dementing illness and 
its onset is typically insidious. It is a diagnosis based on patient history, physical 
examination, neuropsychological testing, and laboratory studies. Elderly people are 
the ones commonly afflicted with this disease. However, evidence shows that it can 
also afflict even individuals as young as 40 years of age. There is yet no definitive 
diagnostic test for AD. It represents a progressively greater burden on industrialized 
civilization at the economic, social, and medical levels. A meta-analysis of preva- 
lence studies undertaken in Europe between 1980 and 1990 found similar rates: 
0.3% in 60-69 years old, 3.2% in those 70-79 years old and 10.8% of those 80-89 
years old (Rocca et al., 1991). In Japan, cerebrovascular diseases affecting about 
42% of the dementia population cause the most prevalent type of dementia. AD 
ranks only second, affecting about 32% of the population (Evans et al., 1989). In 
the USA, however, statistics show that AD is the leading cause of dementia affect- 
ing about four millions of the USA population or 10% of Americans over the age 
of 65. Due to the absence of revolutionary scientific breakthroughs, the number of 
persons afflicted with AD in the United States is projected to quadruple in the next 
50 years. The prevalence can be expected to rise to 8.64 million by the year 2050 
and the illness will affect approximately one in every 45 Americans (Ron Brook- 
meyer et al., 1998). 



Neurological and cognitive dysfunctions 

The primary manifestations of brain dysfunction include cognitive impairment, neu- 
ropsychiatric disturbances and neurological abnormalities. Cognition refers to high- 
er brain skills including arousal, attention, concentration, learning, memory, con- 
cept formation, problem solving, and language skills. Neurological abnormalities 
include loss of the ability to walk and talk, incontinence, and the emergence of prim- 
itive reflexes such as the grasp and suck responses. Neurological impairments typi- 
cally occur in the late phases of the illness. Secondary effects of AD include pro- 
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gressive inability to perform instrumental activities of daily living (e.g. drive, pre- 
pare meals) with eventual loss of the ability to do basic daily tasks such as feeding 
oneself and toileting. Many patients with AD exhibit motor restlessness, wandering, 
pacing and carphologia or purposeless finger movements. Typical behavioral symp- 
toms of AD include paranoid and ideational delusions, hallucinations, activity dis- 
turbances, aggressiveness, sleep disturbances, affective disturbances, anxieties and 
phobias. Motor restlessness occurs in 21-60% of AD patients and wandering in 
10-61%. Neuropsychiatric alterations are not present in all patients and may vary 
over the course of the illness. Clinical features are best demonstrated by mental sta- 
tus examination, which usually reveals multiple areas of dysfunction. All patients 
will have memory impairment, along with language deficits (aphasia), apraxia, 
agnosia, visuo-spatial dysfunction and/or impaired executive function, including 
errors of judgment. Each major clinical domain can be measured separately using a 
specific scale or alternatively can be assessed as part of a multi-dimensional instru- 
ment. Many individuals exhibit motor dysfunction such as Parkinsonian signs (Stern 
et al., 1996). 



The amyloidocentric hypotheses 

Interest in the molecular basis of AD was aroused in the mid 1980s when the amy- 
loid beta (Ap) and its gene were defined, and subsequently linked to the causation 
of AD (Hardy et al. 1998). Amyloid plaques are the most characteristic features of 
AD. The brains of patients with AD characteristically show a dramatic loss of neu- 
rons and synapses in many areas, notably the basal forebrain, amygdala, hip- 
pocampus, and cerebral cortex (Eggert et al., 1997). Other pathologic findings asso- 
ciated with AD include granulovacuolar degeneration, Hirano bodies and Ap depo- 
sition in the walls of small cortical blood vessels (Morris, 1995). The 
amyloidocentric hypotheses of AD propose that Ap plaque depositions or partially 
aggregated and/or soluble Ap trigger a neurotoxic cascade, thereby causing neu- 
rodegeneration and AD. The arguments are based on in vitro studies suggesting that 
Ap is toxic to neurons and on the measurements of increased release of Ap by cells 
expressing familial AD mutant genes. The concurrent development of intracellular 
neurofibrillary lesions in AD also follows a stereotyped pattern. The principal con- 
sequence of these lesions is a loss of synaptic function in the affected regions of the 
brain. However, several lines of evidence suggest that amyloid plaques per se might 
not be the primary mechanism underlying AD neurodegeneration. Soluble oligomer- 
ic forms of Ap, probably complexed with other factors such as apolipoprotein E 
(Apo E), may be more relevant. As yet, there are no definitive antemortem biologi- 
cal markers for AD; a definitive diagnosis is based on finding neuritic plaques and 
neurofibrillary tangles (NFT) on postmortem examination of brain tissue (Gearing 
et al., 1995). Plaques and tangles are not detectable with presently available neu- 
roimaging techniques. 

To date, four genes have been confirmed to play an important role in the patho- 
genesis of AD, and others have recently been implicated (Blacker et al., 1998). A 
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small minority of cases of AD is caused by point mutations in the genes for p-amy- 
loid precursor protein (p-APP), presenilin 1 (PS1) and presenilin 2 (PS2), but most 
cases occur sporadically, albeit with increased risk for carriers of the apolipoprotein 
E e4 (Apo E4) allele (Hutton et al., 1998). The ability to transform the genetic make 
up of experimental animals such as mice, now provides us with the opportunity to 
test many of the observations and theories which have developed from in vitro 
experiments. More importantly, the new mouse models of AD allow for the testing 
of therapeutic concepts. 

In recent years, evidence suggests that the cascade of molecular changes leading 
to the neurodegeneration in AD may begin years before the first clinical symptoms 
appear. 



The concept of mild cognitive impairment 

In the early stages of AD, it is difficult to detect the behavioral correlates of the 
neurodegenerative processes. However, as the neural degeneration spreads, involv- 
ing an ever-increasing number of neurons, the impact of these losses on behavior 
and clinical symptoms begin to be seen. Nevertheless, cognitive impairment is 
more highly correlated with the density of neurofibrillary tangles than with the 
number of plaques. In view of early therapeutic intervention, the identification of 
patients at risk of dementia and of patients with early or mild forms of AD is 
important. This is one main reason why the concept of mild cognitive impairment 
(MCI) generates a great deal of interest. Many different terms describing very sim- 
ilar patterns of deficits have been used to describe these patients since the early 
1960s (Ritchie & Touchon, 2000). According to the 10th revision of the Interna- 
tional Classification of Disease (ICD-10), persons with impairment of cognitive 
functions who do not fulfill the criteria of dementia should be diagnosed as hav- 
ing MCI (F07.8) (WHO, 1992). One often-used criterion for the differentiation of 
dementia from MCI is the presence or absence of impairment in activities of daily 
living (Petersen et al., 1999). Although MCI is an ICD diagnosis, its meaning is 
still a topic of an intense discussion (Christensen et al., 1995; 1997). Competing 
concepts regard MCI as an inevitable feature of the normal aging process, as a 
consequence of an underlying (physical) disease, as a separate nosological entity, 
or as an early-stage dementia (Ritchie & Touchon, 2000; Zauding, 1992). There 
is at least a great consensus that MCI patients have a significantly increased risk 
of AD. There is also discussion whether MCI patients have more or less isolated 
memory impairment or whether they commonly show deficits on tasks of other 
cognitive functions (Petersen et al., 1999; Ritchie & Touchon, 2000). 

The difficult clinical question is in which cases of MCI will there be a rapid cog- 
nitive decline to a dementia syndrome. Limited opportunities exist for studying the 
preclinical stage of AD. The best strategy is to study individuals at risk for demen- 
tia with predictably high conversion rates to clinical dementia. Some authors have 
used a modified form of the Clinical Dementia Rating (CDR) scale to classify their 
subjects (Daly et al., 2000; Hughes et al., 1982). They followed up the individuals 
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longitudinally to determine which features of the interview best characterized a sub- 
ject’s progression on the CDR scale from a rating of 0.5 (questionable dementia) to 
a rating of 1 (mild dementia). Several critical questions that will be particularly use- 
ful to clinicians in identifying subjects who are at risk of converting to AD have been 
outlined and among these, the importance of the clinical interview has been empha- 
sized. However, using the CDR scale to characterize subjects from normal function 
through various stages of dementia, it was pointed out that a CDR of 0.5, while 
describing very mildly impaired subjects, does not necessarily include or exclude the 
diagnosis of probable AD (Petersen, 2000). Therefore, a subject with a CDR rating 
of 0.5 may have either MCI or probable AD. Many subjects with a CDR rating of 
0.5 have in fact been diagnosed as having probable AD. 

Detecting cognitive decline in persons who, at baseline, had extremely high or 
relatively low levels of cognitive function is a particular challenge. Recognition of 
early-stage dementia is emphasized because of the benefits that accrue to patients 
and families. Early recognition of AD allows time to plan for the future and to treat 
patients before marked deterioration occurs. 



Cognitive and behavioral assessment 

A variety of scales have been developed to reliably measure the severity of such 
symptoms. The use of rating scales helps formalize the evaluation approach, ensures 
thoroughness, may clarify the presence and absence of mental illness. Clinicians 
benefit from these tools in being more able to appreciate the presentation, severity, 
frequency and clinical course of AD and treatment responses. Importantly, appro- 
priate instruments should be used to document efficacy. Hence, these scales help 
clinicians to make clinical judgments concerning their patient on the simple basis of 
what they see. 



Treatment and prevention 

Agents have been designed to increase cholinergic function in the central nervous 
system to counteract the decrease in cholinergic activity observed in the cerebral cor- 
tex and other areas of the brains of patients with AD. One such group of agents, the 
cholinesterase inhibitors, prevents the enzymatic hydrolysis of acetylcholine by 
acetylcholinesterase, thus increasing the concentration of acetylcholine. These 
effects are believed to account for the beneficial effects of cholinesterase inhibitors 
on cognition and function in AD. Some studies have also shown that cholinesterase 
inhibitors may have beneficial effects on selected behaviors in patients with AD, 
such as hallucinations, delusions, agitation, anxiety, depressive features and apathy 
(Mega et al., 1999; Feldman et al., 2001; Cummings et al., 2000). Cholinergic ther- 
apies may, therefore, provide an alternative or complementary approach in the treat- 
ment of the neuropsychiatric symptoms of AD, in addition to their positive effects 
on cognition and patient function. 
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The concern that treatments for dementia are adequately tested, together with a 
desire for clear standards, led the Food and Drug Administration (FDA) to propose 
draft guidelines in 1990 for establishing whether a drug has antidementia efficacy. 
These guidelines required that clinical trials should be double-blind and placebo- 
controlled, patients should fulfill established criteria for a diagnosis of AD, that 
studies should be of sufficient length to appreciate a meaningful effect (Leber, 1990). 
Drugs must also be demonstrated to be safe in the AD patient population. In addi- 
tion, studies are necessary to assess drug interactions, measure impact of the drug 
on other disease symptoms and assess efficacy compared with and in combination 
with other drugs. 

Guidelines for the development of drugs to manage AD are specific for each 
country’s health authority. For example, the US FDA requires two adequate and 
well-controlled studies to demonstrate the efficacy of a drug (US FDA, 1998). The 
European Committee for Proprietary Medicinal Products (CPMP) requests two 
studies and the Japan authorities require one study. The required duration of the 
study treatment period also varies from 3 to 12 months (CPMP, 1997). The FDA 
requires demonstration of a statistically and clinically significant benefit on a per- 
formance-based measure of cognition (e.g., Alzheimer’s Disease Assessment Scale- 
Cognition Subscale (ADAS-cog) and a measure of global functioning (e.g., Clini- 
cian’s Global Impression of Change with caregiver input (CIBIC-Plus). The CPMP 
requires these items in addition to a measure of activities of daily living (ADL) and 
a definition of responders that incorporates all three domains (cognition, global 
functioning and ADL). Effective therapeutic strategies for AD ideally should address 
all three domains of impairment (cognition, psychiatric and behavioral disturbances 
and activities of daily living) in AD patients. Effective treatment requires monitor- 
ing of symptoms, functional impairment, and safety. The use of multiple treatment 
modalities includes pharmacotherapy, behavioral management, psychotherapies, 
psychosocial treatments, and support and education for families. 

Clinical trials of AD include clinical global measures of change as primary effi- 
cacy outcome measures. These multidimensional assessments are based on the 
premises that a clinically useful treatment must have a clinical effect, not only a cog- 
nitive one. The clinical effectiveness of new treatments should be apparent to expe- 
rienced clinicians (Leber, 1997; Reisberg et al., 1997). In fact, emerging knowledge 
of the neurodegenerative process has shifted the emphasis of drug discovery efforts 
towards strategies to modify the progression of disease. Newer AD drugs are tar- 
geted toward slowing disease progression (e.g., y-secretase inhibitors, P-secretase 
inhibitors, Ap aggregation inhibitors, anti-Ap immunization, anti-inflammatory 
drugs). However, there is currently no accepted definition of what constitutes effi- 
cacy in disease progression. Resolution of this scientific-semantic issue remains a 
central issue in AD drug development. The concept of prevention of disability or 
delaying the onset of AD has great appeal and it may be technically feasible. The 
dogmatic viewpoint in this approach is that Ap is a bad neurotoxic molecule that 
has to be eliminated from the brain tissue (Schenk et al., 1999). The inability of the 
toxic concept to prevent the disease became apparent when the anti-amyloid immu- 
nization actually exacerbated the condition leading to the trial discontinuation 
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(Hock et al., 2002). Obviously, further understanding of the physiology of Ap is 
required for the innovation of effective and safe AD treatments. It may be that Ap 
is a normal and functional component of brain metabolism and synaptic function. 



Organization of this book 

A book on AD often focuses on either the biological aspects or the cognitive func- 
tions involved separately. In discussing both aspects of the disease, the reader will 
get a rather comprehensive picture of the various pathologies involved in their treat- 
ments. This book is organized into three parts. In part I, we discuss the biological 
correlates of AD. The nature of AD as well its various neurological and neuro- 
chemical hypotheses are critically examined. In part II of this work, the neuropsy- 
chological aspects of this disease are outlined. In part III, strategies for effective 
treatment and prevention of AD are discussed. 
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Chapter 1 
Alzheimer disease 



1.1 Introduction 

In November of 1901, the Bavarian neuropsychiatrist Alois Alzheimer began 
observing a 51 -year-old mentally ill patient whom he referred to as Auguste D. in 
his reports. He described the behavioral changes of this patient in the years leading 
to her death five years later. The neuropsychological changes included deteriorating 
memory, disorientation and occasional hallucinations. He also described the “mil- 
iary foci” accumulating extracellularly which are known as senile plaques and the 
“dense bundles of fibrils” occurring intracellularly which are now known as NFTs. 
These two pathological lesions that he observed upon postmortem examination 
remain the key diagnostic features of AD today (Alzheimer, 1907). The disease offi- 
cially got its name in 1910 when Emil Kraepelin named the disorder after Alzheimer 
because of his thorough description of the two lesions. 

Dementia can be defined as a generalized disturbance in cognition. The degener- 
ative dementias are marked by progressive declines in cognition and functioning. 
The most prevalent form of dementia is AD, which has been studied more than 
other, less frequent causes of dementia. AD is characterized early on by neu- 
ropathological changes, primarily in the hippocampus and entorhinal cortex. 
Autopsy findings of clinically demented subjects who do not have predominant AD 
are distributed primarily among vascular disease, Lewy body disease and fron- 
totemporal gliosis. As a group, these can be classified as the non-AD dementias. In 
AD, linear monotonic declines can be demonstrated for many clinical processes, 
including progressive changes in memory, orientation, concentration and calcula- 
tion ability, language abilities, the ability to draw figures (praxic capacity), loss of 
various functional capacities. Progressive losses in AD include losses in executive 
capacities, in the ability to perform basic life activities, and in the ability to perform 
basic life functions. These progressive changes in AD may be conceptualized as 
falling into two distinct clinical domains: a cognitive domain and a functional 
domain. As the disease progresses, cognitive deficits such as remote memory impair- 
ment, time/space disorientation and language disturbances become more prominent. 
Apart from the cognitive and functional domains of symptoms in AD, another cat- 
egory of symptoms can be identified, the emotional changes or behavioral and psy- 
chological symptoms of dementia (BPSD) (Finkel, 1996; Finkel et al., 1998; Ameri- 
can Psychiatric Association (APA), 1994; Deutsch & Rovner, 1991). The different 
stages that characterize the disease are summarized in Table 1.1. In the mid-1980s, 
researchers hypothesized that major categories of BPSD in AD patients would be rel- 
atively amenable to both psychological and pharmacological interventions (Reisberg 
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Table 1.1: Different steps that characterize the stages of AD 



Stages Behavioral changes 



1 Decrease in energy and spontaneity, minor memory loss and mood swings, slowed 
reaction and learning, avoidance of new situations. 

2 Slowing of speech and comprehension, loss of train of thought in midsentence, 
forgetting to pay bills, and getting lost while traveling. Awareness of loss of control 
may lead to depression, irritability, and restlessness. 

3 Short-term memory loss, disorientation to time, place, and possibly person, para- 
phasic speech. 

4 Behavioral disturbances, increasing need for care, incontinence. 

5 Loss of ability to chew and swallow, vulnerability to pneumonia and other illnesses. 
Coma and death. 



et al., 1986). The potentially remediable BPSD categories are (a) paranoid and delu- 
sional ideation; (b) hallucinatory disturbances; (c) activity disturbances; (d) aggres- 
sivity; (e) diurnal rhythm disturbances; (f) affective disturbances and (g) anxieties 
and phobias. 

The specific etiologic origin of AD is unknown. However, genetic factors have 
been implicated, specifically a defect on chromosome 21. This type of AD is con- 
sidered a familial form of the disorder. The role of neurotransmitters such as acetyl- 
choline, serotonin and dopamine are also under investigation. Increasing age, envi- 
ronment and metabolic factors play an important role. Head trauma and myocar- 
dial infarction have also been shown to be risk factors. Some have postulated that 
albumin intoxication, disordered immune function and viral infection may be the 
cause. The unpredictable, relentless progression of AD with resulting perceptual and 
cognitive deficits renders impaired individuals unable to function independently 
early in the course of the disease. In later stages, AD causes increasingly greater 
damage to the higher order association cortices. Most subcortical structures are 
spared in AD, although neurodegeneration does occur in the basal forebrain and 
nucleus locus ceruleus. Our knowledge of pathophysiology and natural history of 
the disease has increased greatly over the past decade, yet the definitive cause 
remains unclear. 

AD appears in two versions, an early onset or familial and late-onset, sporadic, 
or random form. In the former, onset can range from the fourth decade of life until 
age 60 to 65 and multiple family members across generations may be afflicted. By 
contrast, late onset AD (LOAD) which accounts for the overwhelming majority of 
cases develops after the age of 60 to 65 and other members of the patient’s family 
may or may not become similarly afflicted. AD is characterized by a gradual onset 
of symptoms and irreversible decline to a near vegetative state. The average course 
of the disease is approximately a decade, although the duration can vary from 3 to 
20 years (Small et al., 1997). Death generally results from illnesses related to pro- 
gressive debilitation, such as pneumonia (Costa et al., 1996). 
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1.2 Differential diagnosis 

Dementia is often difficult to diagnose correctly in the early stages. Early-stage 
dementia often goes unrecognized and misdiagnosed in older adults because the 
deficits are attributed to the consequences of normal aging. As AD is both a clinical 
and a neuropathological entity, the definitive diagnosis of AD can be made only with 
a brain biopsy or an autopsy. A diagnostic evaluation for dementia involves a com- 
plete history, neuropsychological examination (e.g., the Mini-Mental State Examina- 
tion (MMSE)), physical examination and selected laboratory studies and neu- 
roimaging (Folstein et al., 1975; Geldmacher &; Whitehouse, 1996). In an attempt to 
quantify the validity of the clinical diagnosis, the “National Institute of Neurologi- 
cal and Communicative Disorders and Stroke” and the “Alzheimer disease and 
Related Disorders Association” (NINCDS-ADRDA) guidelines provide criteria for 
assigning the probability of diagnosis as clinically possible, probable or definite on 
the basis of increasing probability of histopathological confirmation (see Table 1.2) 
(McKhann et al., 1984). A possible diagnosis is made when symptoms atypical of AD 
occur but are not attributable to another disease or disorder. The diagnosis of AD is 
considered to be probable when alternative causes of dementia are excluded. A prob- 
able diagnosis requires dementia and a history and pattern of symptoms consistent 
with those generally seen in AD. Other disorders that mimic AD must be excluded 
from the history, examination and laboratory tests. Definite diagnosis can only be 
made with biopsy of brain tissue from a patient who was clinically diagnosed with 
AD. Microscopic pathology criteria include an age-adjusted minimum number of 
neuritic plaques and neurofibrillary tangles. Both of these lesions can be seen in 
brains of older persons who do not have dementia. However, they are found in 
greater numbers in the neocortex, hippocampus and amygdala in patients with AD. 
The clinical diagnosis of AD has been confirmed at autopsy in close to 90% of cases 
(Hogervorst et al., 2000). The NINCDS-ADRDA criteria are widely used as a stan- 
dard consensus-based classification system for the clinical diagnosis of AD. 

Establishing precise operational criteria can help to reliably perform a clinical 
diagnosis. Hence, several sets of criteria have been proposed for the diagnoses of 
dementia of the Alzheimer type. Two standardized instruments, the Cambridge 
Examination for Mental Disorders of the Elderly (CAMDEX) and the Geriatric 
Mental Status Examination (GMS) were developed to provide diagnostic algorithms 
that meet criteria of the ICD, 10th Revision (ICD-10) (Roth et al., 1988; WHO, 
1992). Another set of criteria is given in DSM-IV (APA, 1994). According to DSM- 
IV, the diagnosis of dementia requires the development of multiple cognitive deficits 
manifested by both memory impairment and one or more of the following impair- 
ments: aphasia, apraxia, agnosia and disturbance in executive functioning (see 
Table 1.3). It also requires that the cognitive deficits cause significant impairment in 
social or occupational functioning and represent a significant decline from a previ- 
ous level of functioning. The narrow definition of dementia presented in DSM-IV 
includes only those cases severe enough to interfere with social or occupational 
functioning. The degree of this interference may depend on the demands placed by 
the particular culture or occupation of the individual. In many cultures, elderly per- 
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Table 1.2: Criteria for clinical diagnosis of probable AD. Source: The National Institute of 
Neurological and Communicative Disorder and Stroke- Alzheimer disease and Related Disor- 
ders Association Work Group (McKhann et al., 1984). 



Criteria include 

- Dementia established by clinical examination and cognitive test (MMSE or Blessed 
Dementia Scale) and confirmed by neuropsychological tests 

- Deficits in > 2 areas of cognition 

- Progressive worsening of memory and other cognitive function 

- No disturbance of consciousness 

- Onset between ages 40 and 90 years 

- Absence of systemic disorders or brain disease that could account for progressive cogni- 
tive deficits 



The diagnosis is supported by 

- Progressive deterioration of specific cognitive functions such as language (aphasia), motor 
skills (apraxia), and perception (agnosia) 

- Impaired activities of daily living 

- Altered behavior 

- Family history of similar disorders 

- Normal lumbar puncture, normal electroencephalogram or nonspecific changes, progres- 
sive cerebral atrophy on computed tomography 



Features consistent with the diagnosis 

- Plateaus in the course of progression 

- Associated symptoms including depression, insomnia, incontinence, delusions, illusions, 
hallucinations, 

- Catastrophic outbursts, sexual disorders, or weight loss 

- Neurologic signs including increased muscle tone, myoclonus, or gait disorder 

- Seizure (in advanced stage) 

- Computed tomography normal for age 



Features that make the diagnosis uncertain or unlikely 

- Sudden, apoplectic onset 

- Focal neurologic findings such as hemiparesis, sensory loss, visual field deficits, and inco- 
ordination (early in the course) 

- Seizures or gait disturbance (at the onset or early in the course) 



sons live with their families and little is expected from them. Hence, the assessment 
of impairment in daily living functioning can be difficult. 

Detailed neuropsychological testing is helpful in characterizing the pattern of 
cognitive impairment. However, psychometric methods are useless when patients 
cannot be aroused or cannot follow simple commands. In the most severe cases of 
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Table 1.3: Definition of dementia, DSM-IV 



Dementia is the development of multiple cognitive deficits manifested by memory impair- 
ment and one or more of the following: 



- Aphasia 

- Apraxia 

- Agnosia 

- Disturbance in executive function 



The cognitive deficits must be sufficiently severe to cause impairment in occupational or 
social functioning and must represent a decline from a previously higher level of 
functioning. 



dementia, the diagnosis may have to be clinical and not psychometric, that is based 
on functional status and neurological signs and not on cognitive assessment (Teresi 
&C Evans, 1996). While it is essential for the clinician to evaluate other possible caus- 
es of memory loss, a positive diagnosis of probable AD can be made based on a 
characteristic history from a knowledgeable informant together with a physical and 
neurological assessment. Hence, key informants play a critical role in identifying 
roles and the cultural sentiments associated with each role. They may help to 
describe the behavior of the subject in everyday activities and to report a decline 
compared to a previous level of function considered as normal. The differential 
diagnosis for AD includes a broad range of other causes of dementia and nonde- 
menting metabolic or psychiatric illnesses. 

Despite a considerable degree of accuracy in the diagnosis of AD, the distinction 
between AD, vascular-ischemic dementia and mixed dementia remains controversial 
and has been one of the most difficult clinical and pathological challenges. Both the 
DSM-IV and the NINCDS-ADRDA criteria require exclusion of other causes of 
dementia such as vascular dementia, DLB, depression, mixed dementia and other 
DSM-IV disorders. As much as possible, established instruments and diagnostic cri- 
teria should be used for the other dementias including measures such as the Hachin- 
ski scale (see Table 1.4), the DSM-IV criteria and the criteria for the Consortium on 
Dementia with Lewy Bodies International Workshop (Rosen et al., 1980; McKeith 
et al., 1996; Knopman et al., 2001). So far, the most useful of all is the clinical 
Hachinski Ischemic Score that, although lacking imaging criteria, remains the most 
sensitive approach to differentiate patients with dementia caused by vascular disease 
from those with AD. The clinical manifestations of vascular disease or ischemic 
brain injury depend to a large extent on location. In vascular dementia, memory 
impairment is more variable, less severe and more likely to respond to cueing than 
in AD (Looi et al., 1999). 

The problem becomes even more complicated when one attempts to differenti- 
ate depression from dementia as depression is recognized as the most common psy- 
chiatric disorder in later life. Single proton emission computed tomography 
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Table 1.4: Modified Hach inski Ischemic Score. A score of 4 is suggestive of vascular dementia 





Absent 


Present 


Abrupt onset 


0 


2 


Stepwise deterioration 


0 


1 


Somatic complaints 


0 


1 


Emotional incontinence 


0 


1 


History or presence of hypertension 


0 


1 


History of strokes 


0 


2 


Focal neurologic signs 


0 


2 


Focal neurologic symptoms 


0 


2 



(SPECT) may be most useful in distinguishing AD from vascular dementia and fron- 
totemporal dementia, but should be used selectively and only as an adjunct to clin- 
ical evaluation and computed tomography (Talbot et ah, 1998). Positron emission 
tomography (PET) has the advantage of greater sensitivity and spatial resolution but 
at a much higher cost. While it is an excellent tool for research purposes, it has lim- 
ited clinical application. SPECT is simpler and has greater potential in the clinical 
setting than PET (Waldemar, 1995). 

As defined by the NINCDS-ADRDA guidelines, the diagnosis of probable AD 
requires expensive medical, psychiatric and neurological examinations including 
laboratory investigations in order to rule out other causes of dementia. 



1 .2.1 Alzheimer versus frontotemporal dementias 

Although AD remains by far the most common cause of neurodegenerative dement- 
ing illness, there is increasing evidence that other disorders account for perhaps 30% 
of the dementias. Among them, the frontotemporal dementias (FTD) represent an 
etiologically diverse group of disorders that share the pathologic feature of primary 
degeneration (cortical microvacuolation, neuronal loss and gliosis). FTD is the term 
currently applied to a number of syndromes in which patients present with degen- 
eration of the frontal and/or temporal lobes (previously referred to as Pick’s disease) 
(Hodges &c Miller, 2001). In a group of persons with early onset dementia, the FTDs 
constitute up to 10% of the neuropathological diagnoses (Miller &c Cummings, 
1999). There are at least two sub-types of FTD (Hodges et al., 1999). The patients 
at the frontal versus temporal ends of the spectrum can be clearly differentiated at 
a neuropsychological level. Efforts to better characterize the FTD subtypes may 
result in improved understanding of their etiogenesis and also may allow clinical dis- 
tinction from AD. 

In the frontal variant of FTD, frontal lobe pathology predominantly affects the 
orbitomedial cortex causing changes in behavior and personality. Abnormal changes 
are apathy, loss of empathy or emotional warmth, impulsivity, disinhibition, change 
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in dietary preference and stereotyped or ritualistic behaviors (Bozeat et al., 2000; 
Miller et al., 1995). The preservation of semantic memory in the context of 
impaired executive function in the frontal variant FTD group was the converse to 
that found in patients with the temporal variant of FTD (also termed semantic 
dementia). 



1.2. 1.1 Semantic dementia 

The term semantic dementia typically refers to patients with progressive fluent 
aphasia, a severe impairment of naming and an inability to understand the meaning 
of words (Graham, 1999; Graham & Hodges, 1997). These patients have deficits in 
word retrieval and word meaning (semantics) such that speech, although fluent, is 
progressively devoid of content words (Hodges et al., 1999). Surface dyslexia and 
surface dysgraphia are often present while syntax and phonology, visual perceptual 
and visuo-skills, non-verbal problem-solving abilities and day-to-day memory are 
often preserved. Other cognitive functions such as episodic memory are relatively 
well-preserved in early stage semantic dementia. These patients have better preser- 
vation of episodic events and semantic facts from very recent life compared with 
other time periods (Alvarez & Squire, 1994). 

Neuroradiological studies have found support for the view that anterior and 
inferior areas of the temporal lobe are affected early in semantic dementia and that 
this profile is different from other neurodegenerative conditions that affect long- 
term memory (LTM) such as AD (Chan et al., 2001; Galton et al., 2001; Harasty et 
al., 1996). With respect to medial temporal lobe regions, there is increasing evidence 
that the hippocampi and parahippocampal gyri are involved at later stages in the 
disease (Chan et al., 2001; Simons et al., 2001). Because different aspects of mem- 
ory are affected in semantic dementia compared with AD, Galton et al. (2001) pro- 
posed that the two disorders differ in volumetric measures of specific temporal 
areas. For example, because episodic memory loss is greater in AD, they expected 
greater medial temporal deterioration in AD than in semantic dementia. The results 
indicated medial temporal lobe atrophy in both groups although hippocampal atro- 
phy was bilateral in individuals with AD but asymmetric (left greater than right) in 
individuals with semantic dementia. The individuals with semantic dementia also 
had greater atrophy of the temporal poles. Similar results have been reported by 
other investigators (Chan et al., 2001). 



1 .2.2 Alzheimer versus dementia with Lewy bodies 

In DLB, there is a relative sparing of memory function that is explained by the 
smaller burden of pathology in the entorhinal cortex compared with what is seen 
in early classical AD. DLB patients are more impaired than AD patients on vari- 
ous tests of attention. Neuropsychiatric features other than fluctuating cognitive 
impairment are common in DLB and patients are therefore more likely to be seen 
in psychiatric clinics or emergency rooms. Clinical presentation is very insidious. 
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The mean age of onset in 1 post-mortem series was 56 ± 7.6 years (range, 45-70 
years) and the estimated duration of the disease was 3 to 17 years (Brun & 
Gustafson, 1993). Patients with pure Pick’s disease live longer than patients with 
predominant AD. 



1.3 Epidemiology 

AD is the most prevalent form of the irreversible dementias, which affect an esti- 
mated 3 to 4 million patients, accounting for 60% or more cases (Knopman, 1997; 
Katzman & Rowe, 1992). AD accounts for approximately two-thirds of dementia 
cases in patients aged 65 years or older (Alzheimer disease and Related Dementias 
Guidelines Panel, 1996). Estimates of prevalence of dementia vary widely because 
of differences in research sampling strategies and diagnostic criteria. Representative 
prevalence rates are: 5-7% at age 75 to 80 years; 15-17% at age 80 to 85 years; 
approximately 35% at age 85 to 90 years; and 50% at age 90 to 95 years (Evans et 
al., 1989; Jorm & Jolley, 1998; Graves et al., 1996). One study reported a preva- 
lence of 75% in those aged 95 years and older (Evans et al., 1990). At all ages, AD 
is reported to cause at least half and usually well over 70% of cases of dementia in 
the United States. 



1.4 Risk factors 

Age, family history of dementia and Down syndrome have been consistently estab- 
lished as risk factors. Age represents the most potent risk factor (Breitner & Welsh, 
1995). The presence of ApoE 84 has been shown to increase the certainty of the 
diagnosis of probable AD. However, its value in the differential diagnosis of demen- 
tia is limited because ApoE 84 may be associated with other dementing illnesses 
(Slooter &: van Duijn, 1997; Small et al., 1997). Of its three forms (e2, 83 and 84), 
only the e4 allele increases the likelihood of developing AD. The lifetime risk of AD 
for an individual without the 84 allele is approximately 9%; the lifetime risk of AD 
for an individual carrying at least 1 84 allele is 29% (Seshadri et al., 1995). There- 
fore, while representing a substantial risk of AD, the 84 genotype is not sufficiently 
specific or sensitive for the diagnosis of AD to allow its use as a diagnostic test 
(Relkin et al., 1996). The role of the ApoE 82 allele remains controversial because 
some studies suggest that it has a protective effect on late-onset (sporadic) AD while 
others indicate an increased risk for early-onset AD (Corder et al., 1994; Van Duijn 
et al., 1995). However, the Apo E alleles are neither necessary nor sufficient for the 
development of the disease. 

Significant risk factors implicated in a variety of studies include head injury, low 
serum levels of folate and vitamin B12, elevated plasma and total homocysteine lev- 
els, family history of AD or dementia, fewer years of formal education, lower 
income and lower occupational status (Clarke et al., 1998; Guo et al., 2000; Launer 
et al., 1999). Other risk factors include a history of depression, deprivation during 
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gestation and early childhood brain development, and exposure to known neuro- 
toxins, possibly including organic solvents (Kukull et al., 1995). 



1 .4.1 Smoking history 

The European Community Concerted Action on Epidemiology and Prevention of 
Dementia (EURODEM) group associated smoking with a higher risk of AD where- 
as other studies did not observe any significant relation between smoking and the 
onset of AD (Launer et ah, 1999; Hebert et al., 1992). Smokers have been noted to 
have a decreased risk in cross-sectional studies but an increased risk in a follow-up 
study (Lee, 1995; Ott et al., 1997). Methodological differences such as duration of 
follow-up and selection and number of study participants may account for these dis- 
crepancies. Given that smoking is a cause of other diseases, any potential benefit to 
individuals must be demonstrated in studies using alternate routes (e.g., transdermal 
patches, tablets) of nicotine administration. 



1.4.2 Sex 

While some prevalence studies have shown a greater number of women affected 
with AD than men, population-based incidence studies have generally found no dif- 
ference between the sexes (Rocca et al., 1991; Kokmen et al., 1993). Prevalence 
studies may be biased by the fact that women tend to live longer than men. Female 
patients and families that include several affected women may be easier to recruit 
(Heun et al., 1996). 

The EURODEM group also found that female sex and low educational level 
were associated with increased risks of AD. Conversely, sex and education were not 
reported as risk factors for incident AD in other studies (Yoshitake et al., 1995; 
Cobb et al., 1995). 



1.4.3 Head trauma 

Head trauma came under investigations as a risk factor for AD when amyloid 
deposits were found in the brains of boxers who were demented before death and 
in a significant number of patients who died after a single episode of severe head 
injury. A proposed biological mechanism is that increased expression of Ap is part 
of an acute response to neuronal injury, leading to deposition of plaques and the ini- 
tiation of an AD-type process (Roberts et al., 1994; Graham et al., 1995). 

Risk factors such as Apo E4 and a history of head trauma may be synergistic 
(Payami et al., 1996; Mayeux et al., 1995). Mayeux et al. (1995) examined the asso- 
ciation between Apo E genotypes and head trauma. They reported a 10-fold 
increase in the risk factor of AD associated with the combination of an Apo E4 allele 
and history of traumatic brain injury. 
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1 .4.4 Cardiovascular risk factors 

Epidemiological studies suggest that diseases compromising the vascular system 
such as hypertension and diabetes mellitus may influence the risk of developing AD. 
An association between hypertension and AD has been reported in several prospec- 
tive studies (Meyer et al., 2000; Schmidt et al., 2000; Kivipelto et ah, 2001). Chron- 
ic hypoperfusion may also induce episodes of hypoxia-ischemia in the brain, trig- 
gering free radical-oxidative cascades. Hypertension and hypercholesterolemia inde- 
pendent of the Apo E genotype have been shown to be risk factors for AD (Skoog 
et al., 1999). 

There is growing evidence that cholesterol is of particular importance in regu- 
lating a- and p-secretase cleavage (Simons et al., 2001). Levels of total cholesterol 
and low density lipoprotein (LDL) in serum were reported to correlate with the 
amount of Ap in AD brains (Kuo et al., 1998). The level of 24S-hydroxy-choles- 
terol, a major product of brain cholesterol metabolism, is elevated in plasma of 
patients with AD (2000). In contrast, patients with advanced AD seem to have low 
levels of 24S-hydroxycholesterol. The sterol is produced from brain cholesterol 
through the action of CYP46, a neuronal oxidative enzyme. It is possible that high 
levels of 24S-hydroxycholesterol reflect marked neurodegeneration or increased 
activity of CYP46. 24S-hydroxycholesterol has been shown to be neurotoxic and to 
be implicated in the brain deterioration (Kolsch et al., 2001). A study showed that 
a high serum total cholesterol level (mean level, >251 mg/dl (> 6.5 mmol/1)) at 40 to 
59 years of age predicted AD in later life (Notkola et al., 1998). Interestingly, two 
independent retrospective studies reported a strong decrease in the incidence of AD 
and dementia in patients treated with 3 -hydroxy-3 -methylglutaryl-coenzyme A 
reductase inhibitors (Jick et al., 2000; Wolozin et al., 2000). Statin treatment 
reduced levels of plasma lathosterol by 49.5%, 24S-hydroxycholesterol by 21.4%, 
LDL cholesterol by 34.9% and total cholesterol by 25% (Vega et al., 2003). How- 
ever, despite biological mechanisms and a remarkable convergence of data linking 
cholesterol levels to the pathophysiology of AD, a recent large, population-based 
study showed that baseline and long-term average serum total cholesterol levels 
were not associated with the risk for incident AD (Tan et al., 2003). Several factors 
may explain the discrepancy in results. Since cholesterol levels decline with age, the 
age of the subjects at the time of cholesterol level determination can be a significant 
factor when using single rather than time-averaged cholesterol levels (Wilson et al., 
1994). Older subjects are more likely to have low plasma cholesterol levels and also 
a greater risk for development of AD. 



1.5 Psychiatric manifestations 

Psychiatric manifestations are common in AD and occur in almost all patients at 
some point in their illness (Tariot & Blazina, 1993). Agitation becomes increasing- 
ly common as the illness advances and is a frequent precipitant of nursing home 
placement. Depressive symptoms are present in about 50% of patients and approx- 
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imately 25% exhibit delusions (Mega et al., 1999). In later stages, AD may lead to 
negative behavioral changes that include mood, anxiety and agitation as well as 
severe deterioration in learning and memory. 

Apathy is a feature of depression but it may also be found in AD without depres- 
sion. Apathy is apparently early in the clinical course with diminished interest and 
reduced concern. It has been suggested that apathy and depression are clinically dis- 
tinct neuropsychiatric syndromes (Levy et al., 1998). In a study, apathy was noted 
in 37% of patients with AD and it was also observed that apathy in AD was asso- 
ciated with severe impairment in activities of daily living and cognitive functioning, 
older age and poor awareness of behavioral and cognitive changes (Starkstein et al., 
2001). 

1 .6 Genetic susceptibility factors 

Tremendous progress has been made in determining the gene defects underlying 
early-onset AD (occurring in persons <60 years of age). These defects include high- 
ly penetrant, autosomal dominant mutations in three genes: PS1 on chromosome 
14, PS2 on chromosome 1, and the APP on chromosome 21 (Sherrington et al., 
1995; Levy-Lehad et al., 1995; Goate et al., 1991). More than 45 known mutations 
in the gene for PS1 have been observed (Liao et al., 1999). These mutations account 
for a significant proportion of early-onset autosomal dominant AD. However, over- 
all PS 1 -related early-onset AD accounts for fewer than 1% of all cases of AD. 

Steady but slower progress has been made in deciphering the complex genetic 
picture of late-onset AD, which is associated with common population polymor- 
phisms (CPPs) that operate primarily as susceptibility factors increasing risk but not 
guaranteeing onset of AD. Two of these genetic susceptibility factors for AD are the 
Apo E gene on chromosome 19 and a2-macroglobulin gene (A2M) on chromosome 
12 (Saunders et al., 1993; Blacker et al., 1998; 1999). The only known susceptibil- 
ity gene for LOAD is the gene for Apo E. 

The Apo E gene has been widely accepted as risk factor and has been extensive- 
ly studied. It has three alleles called e2, 83 and 84 and the most common allele is the 
e3. The presence of the 84 allele (chromosome 19) is found to accelerate the age of 
onset of familial AD (early onset) and to increase the risk of developing the sporadic 
form of AD (late onset). The 84 allele is associated in a dose-dependent way with 
decreased age at disease onset. This finding has been well replicated worldwide, but 
still only explains 45% to 55% of AD risk (Roses et al., 1995). Those patients with 
two 84 alleles are at a higher risk while 82 alleles have a protective effect. Apo E is 
involved in the transport of cholesterol and in the normal brain, it efficiently binds 
to p-amyloid protein (Porer, 1994). This interaction may prevent the toxic aggrega- 
tion of Ap. In AD, this property is presumably lost, thus facilitating the accumula- 
tion of AP and the resulting plaque formation. Apo E also binds to ciliary neu- 
rotrophic factor (CNTF) and potentiates its biological activity on hippocampal cells 
(Gutman et al., 1997). Although the association of Apo E with AD is well recog- 
nized, its role in the pathogenesis of AD is not clear (Tsuang et al., 1999). 
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It has been suggested that PS1 may also be a susceptibility gene for LOAD 
(Wragg et al., 1996). Homozygosity of allele 1 of a PS1 intron 8 polymorphism 
(PS1-1) has been associated with doubling of the risk of sporadic LOAD, in some 
but not all studies. A recent family-based, case-control, genetic-linkage study 
designed to genotype the PS1 intron 8 polymorphism in predominantly Hispanic 
families with LOAD to test for association and for linkage between this polymor- 
phism and LOAD could not confirm the relationship between the PS1 intron 8 poly- 
morphism and LOAD (Romas et al., 2000). However, an association between of the 
ApoE e4 allele and LOAD (relative risk, 4.05, 95% confidence interval, 1.3-12.5) 
was observed. The e4 allele was associated with a 4-fold increase in risk after adjust- 
ment for age, education, and sex. 



1.7 Herpes simplex virus infections 

The etiology of AD is multifactorial and the vast majority of cases cannot be attrib- 
uted to these genetic factors alone, indicating that environmental factors may mod- 
ulate the onset and progression of the disease. Although many factors have been 
proposed (head injury, heavy metal, infectious agents), there has been renewed inter- 
est in the neurotropic herpes simplex virus (HSV1) type 1 (Jack, 1996). 

The hypothesis that HSV1 might play a role in AD was formerly proposed in the 
early 1980s (Ball, 1982). It was suggested that the brain regions most severely 
affected in cases of HSV encephalitis are principally the same as those affected in 
AD, notably limbic structures and some cases of acute HSV encephalitis have result- 
ed in memory deficits (Barnett et al., 1994; Klapper et al., 1984). Furthermore, 
HSV1 has the capacity to remain latent in infected neurons and can be sponta- 
neously reactivated in response to various noxious stimuli that could lead to its dis- 
semination into previously uninfected areas. These characteristics of HSV1 are con- 
sistent with the chronic, progressive nature of AD. 

Using polymerase chain reaction (PCR) methodology along with a number of 
cautionary controls to guard against cross-contamination, the presence of HSV1 
DNA in the temporal and frontal cortex of the majority of tested AD patients 
and aged-matched controls was observed (Itzhaki et al., 1993; Baringer &c Pisani, 
1994). These findings indicate that the presence of HSV1 in the CNS is more 
prevalent than previously thought and that it is brain region specific and age 
related. The relationship between Apo E genotype and the presence of HSV1 
DNA in brain specimens from AD patients and age-matched control patients has 
been assessed (Itzhaki et al., 1997). It was observed that the frequency of the Apo 
E4 allele was considerably higher in HSV-positive AD patients. Thus, a diagno- 
sis of AD was more frequent among individuals carrying one or more Apo E4 
alleles and whose brains simultaneously harbored HSV1 than those possessing 
only one or none of these risk factors. Although HSV1 by itself was not found to 
be a risk factor for AD, these results suggest that infection of the CNS with this 
neurotropic virus in combination with the Apo E4 allele increases the risk for 
AD. 
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If the role of HSV 1 is confirmed, a selective subpopulation of AD patients might 
benefit from antiviral drug therapy. However, the challenge lies in identifying the 
susceptible subgroup. Although Apo E genotyping is relatively straightforward, 
detecting viral DNA in the CNS of living patients is clearly more problematic, espe- 
cially since seropositivity does not necessarily have to correlate with HSV1 infection 
of the CNS. Since brain biopsy is not feasible for screening a large population base 
because it presents obvious risks, an alternative approach may be PCR analysis of 
cerebrospinal fluid (CSF) (Whitley & Lakeman, 1995). However, it remains to be 
determined whether markers indicative of subacute HSV1 brain infection will like- 
wise be detectable in the CSF. Drug therapies may emerge from research aimed at 
elucidating the interaction between HSV1 and hosts carrying Apo E4. In this regard, 
there is evidence that suggests a direct interaction between viral glycoproteins and 
apolipoproteins (Huemer et al., 1988). Disrupting this interaction may yet present 
a novel therapeutic target. 



1.8 Assessing outcomes 

To gain a true overview of the impact of AD on patients, caregivers and society, 
areas such as cognition, ADL, behavior, caregiver burden and quality of life need to 
be adequately assessed (Table 1.5). Changes in these domains are currently consid- 
ered to be of secondary importance by US standards for regulatory approval com- 
pared with cognitive and global outcomes. However, European and Canadian reg- 
ulatory criteria require improvement in ADL as well as clinical and neuropsychiatric 
effects (Mohr et al., 1995; Committee for Proprietary Medicinal Products, 1997). 



1.9 Discussion 

In order to be effective in detecting and treating AD, it is important to determine 
which cognitive changes can be accepted as part of normal aging and to clarify 
whether brain aging and neurodegenerative dementing illnesses are distinct or con- 
tinuous processes. Although none of these critical issues have yet been solved, the 
early detection of mild dementia and precursor states has become a principal target 
of recent research objectives that suggest the possibility of preventing the patholog- 
ical process of AD (DeMattos et al., 2001). Patients with AD usually survive 7 to 
10 years after onset of symptoms and typically die from bronchitis or pneumonia 
(Bracco et al., 1994; Beard et al., 1996). Awareness of dementia through use of valid 
diagnostic criteria can have important benefits. It may help to apply intervention 
strategies that benefit the patient and family. Appropriate medication can also lessen 
certain symptoms such as agitation and anxiety, aid sleep and improve participation 
in activities. 

The risk of developing AD is lower in people who have been intellectually active 
than in those who have not (Friedland et al., 2001). Studies also indicate that high- 
er mental function in one’s 20s predicts better cognitive function late in life. Other 
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Table 1.5: Domains that need to be assessed in a clinical trial for AD. Adapted from Schnei- 
der etal. (2001) 



Domain 


Rating scales 


References 


Cognitive function 


Alzheimer disease Assessment Scale- 
Cognitive subscale (ADAS-cog) 

Mini - Mental State Examination (MMSE) 


Rosen et al. r 1984 

Tombaug & McIntyre, 
1992 


Activities of daily 
living 


Blessed-Roth Dementia Scale 
Progressive Deterioration Scale (PDS) 

Interview for Deterioration in Daily living 
activities in Dementia (IDDD) 

AD Cooperative Study - Activities of Daily 
Living (ADCS-ADL) 

Disability Assessment for Dementia (DAD) 


Blessed et al. r 1968 
Rosier, 1999; 

Winblad et al., 1999 
Teunisse et al., 1991 

Galasko et al., 1997 

Gelinas & Auer, 1996 


Behavioral 

symptoms 


Neuropsychiatric Inventory (NPI) 
Behavioral Pathology in Alzheimer disease 
Rating Scale (BEHAVE-AD) 


Cummings, 1997 
Reisberg et al., 1987 


Global clinical 
assessments 


Clinical Dementia Rating scale (CDR) 

Global Deterioration Scale (GDS) 
Gottfries-Brane-Steen (GBS) 

FDA-Clinician Interview Based Impression 
of change (FDA-CIBIC) 

Clinician's Interview- Based Impression of 
Change plus caregiver input (CIBIC-plus) 
AD Cooperative Study Clinical Global 
Impression of Change (ADCS-CGIC) 


Hughes et al., 1982; 
Berg, 1984 
Reisberg et al., 1982 
Gottfries et al., 1982 

Schneider & Olin, 
1996 


Caregiver burden 


Caregiver Activities Time Survey 
Caregiver Activity Survey 
Caregiver Time Questionnaire 




Quality of life 


Dementia Quality of Life (DQoL) instrument 
Alzheimer disease Related Quality of Life 
(ADRQL) instrument 


Brod et al., 1999 


Health economics 


Resource Utilization in Dementia (RUD) 






Alzheimer disease 



17 



studies have shown that college graduates have a lower risk of eventually develop- 
ing AD than people with less educational achievements (Del Ser et ah, 1999). Men- 
tal stimulation or exerting our brains in various ways intellectually may not only 
improve memory performance but may stave off future cognitive decline. Regular 
physical activity could be an important component of a preventive strategy against 
AD (Lindsay et al., 2002). 

It is often incorrectly believed that AD is invariably associated with denial of ill- 
ness (anosognosia) and loss of insight. Many patients with AD have preserved 
awareness of deficit (Weinstein et al., 1994). AD is uniquely challenging for family 
caregivers. The illness generally lasts for many years. The symptoms and the result- 
ing demands on the caregiver change as the disease progresses so that the coping 
strategies that were appropriate at one stage may not have any value at a more 
severe stage. Caregivers of early stage patients may still be grappling with accepting 
the diagnosis and understanding its future implications for themselves and for the 
patients. Later, issues such as driving emerge. Caregivers of middle stage patients 
frequently are concerned with how to manage agitation and other difficult behav- 
ioral symptoms. Caregiver of later stage patients may need information on medical 
management, nursing home placement and end-of-life decisions. While it is possible 
to predict the average length of each stage of the illness, there is a great deal of vari- 
ability from one patient to another. It is not possible to tell an individual caregiver 
how long each stage will last for his or her own ill relative or whether or when any 
particular behavioral symptom will occur. 




Chapter 2 

Neurological dysfunctions in Alzheimer disease 



2.1 Introduction 

Aging of the brain is accompanied by multiple changes in morphology and func- 
tional variations at the cellular and molecular levels of nerve cells. Neuritic plaques, 
one of the two diagnostic brain lesions observed in Alzheimer’s original patient, are 
microscopic foci of extracellular amyloid deposition. They are associated with 
axonal and dendritic injury, and are generally found in large numbers in the limbic 
and association cortices (Dickson, 1997). 

The advent of electron microscopy in the 1960s permitted a good description of 
the ultrastructural changes underlying the two classical lesions linked to AD, senile 
plaques (SPs) and NFTs. In the early 1980s, Glenner and Wong attempted to puri- 
fy brain amyloid and eventually identify its main component. They were finally 
successful in isolating and purifying amyloid from brain vasculature (Glenner & 
Wong, 1984). They identified two peptides that they named a and (3 peptides. They 
continued to study the more abundant b peptide that they designated as amyloid (3 
(A(3). Using Edman degradation to sequence the peptide, they were able to deter- 
mine a 24-amino acid residue sequence. Further support of the notion that they had 
indeed isolated the principal component of the amyloid plaques was confirmed by 
the observation that antibodies raised against their isolated peptide were able to 
recognize the SPs in the brain’s gray matter and vasculature but failed to recognize 
the NFTs. It is now known that the A(3 peptides comprise a family of peptides. The 
surrounding neurites that contribute to any one plaque can emanate from local 
neurons of diverse neurotransmitter classes. The two most abundant forms of A(3, 
termed A(340 and A(342, are 40 and 42 residues in length. Both forms are capable 
of assembling amyloid fibrils. Much of the fibrillar A(3 found in the neuritic plaques 
is the species ending at amino acid 42 (A(342), the slightly longer, more hydropho- 
bic form that is particularly prone to aggregation (Jarrett et al., 1993). However, 
the Ap species ending at amino acid 40 (Ap40), which is normally more abundantly 
produced by cells than Ap42, is usually colocalized with Ap42 in the plaque. The 
cross-sectional diameter of neuritic plaques in microscopic brain sections varies 
widely from 10 to > 120 pm. The density and degree of compaction of the amyloid 
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fibrils that comprise the extracellular core also show great variation among 
plaques. 

In recent years, it has become apparent that in a variety of neurodegenerative, 
infectious and developmental disorders, intracellular tau can aggregate and form 
fibrils, often in the absence of extracellular amyloid deposits. There are six isoforms 
of tau (352-441 amino acids) in the human brain. They are rich in serine and thre- 
onine and can be phosphorylated at more than 20 residues (in AD) by many kinas- 
es, including cyclin-dependent kinases (Cdk-5) and cell cycle kinase (cdc-2). When 
tau is phosphorylated at serine 262 or at serine 214 (in an AD brain), it detaches 
from the microtubules, causing their breakdown. Tau hyperphosphorylation is 
believed to occur before aggregation, and hence, it is considered to be the earliest 
sign of degeneration in AD. 

The diagnosis of AD traditionally has been based on histologic findings. This dis- 
ease is still characterized by the same two classical lesions noted by Alois Alzheimer: 
the SPs and NFTs. 



2.2 Neurochemical studies 

2.2.1 Senile plaques and neurofibrillary tangles 

SPs contain extracellular deposits of toxic (3-amyloid peptides that are produced by 
aberrant processing of (3-APP (Muller-Hill & Beyreuther, 1989). SPs are structural- 
ly complex lesions, the temporal development of which is only partially understood. 
They vary in size, ranging from 10 to over 120 pm in diameter. It is believed that 
SPs represent amorphous deposits of 39-43 amino acid hydrophobic self-aggregat- 
ing A(3 peptides (Naslund et al., 2000; Neve et al., 2000; Selkoe, 1998). According 
to their maturation, SPs are classified as immature or primitive and diffuse plaques, 
and mature dense-cored and burned-out (compact) plaques. Using end-specific A(3 
monoclonal antibodies, it was shown that mature, dense-cored and compact 
plaques consist of A(31-40 (or a mix of AJ31-40 and AJ31-42/43) and that imma- 
ture, diffuse plaques consist mostly of AJ31-42/43 (Iwatsubo et al., 1994). NFTs, on 
the other hand, are found intracellularly. The building blocks of the NFTs are paired 
helical filaments (PHF) that intertwine in neuronal regions typically affected by AD. 
Immunohistochemical and biochemical analyses of PHFs and NFTs suggest that 
they are made of a hyperphosphorylated form of tau, a microtubule-associated pro- 
tein. 

Controversy persists as to whether the histopathological hallmarks of AD, the 
SPs and the NFTs, are disease-specific or also can occur with normal brain aging. 
For example, SPs and NFTs, were found in 80% of brains from persons aged 65 or 
more (Gellerstedt, 1933). SPs were present in 78% nondemented patients and NFTs 
were found in 61% although the NFTs were largely confined to the hippocampal 
region (Tomlinson et al. (1968). The landmark observations of Tomlinson and col- 
laborators formed the basis of subsequent histologic criteria for AD (Katchaturian, 
1985; National Institute on Aging and Reagan Institute Working Group on Diag- 
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nostic Criteria for the Neuropatholgical Assessment of Alzheimer disease, 1997). 
These criteria rest on the assumption that the presence of SPs in the neocortex 
increases as a function of age and that SPs in AD are distinguished from aging only 
by their greater age-adjusted density. The fact that neurofibrillary tangles composed 
of altered, aggregated tau proteins occur in disorders in the absence of Ap deposi- 
tion (e.g., subacute sclerosing panencephalitis, Kuff’s disease, progressive supranu- 
clear palsy etc.) suggests that tangles can arise secondarily during the course of a 
variety of etiologically distinct neuronal insults. 

The neuropathologic distinction of aging from AD is also rendered complicated 
by the controversy over the relevance of the two (diffuse and neuritic) SP subtypes. 
Diffuse SPs are immunoreactive for the amyloid protein associated with AD and 
morphologically appear as amorphous Ap deposits with little or no accompanying 
neuritic pathology. Neuritic SPs are also characterized by deposits of Ap fibrils but 
typically the fibrils have coalesced into a central core with dystrophic neuritis 
arranged around the periphery. Presumably, the Ap deposits that comprise diffuse 
SPs progress in fibrillogenesis and induce neuritic degeneration (Davies & Mann, 
1993; Morris et al., 1991). Most neuropathologists rely on neuritic plaque densities 
for the diagnosis of AD and do not include diffuse SPs in the diagnostic criteria 
(Mirra et al., 1991; National Institute on Aging and Reagan Institute Working 
Group on Diagnostic Criteria for the Neuropathological Assessment of Alzheimer 
disease, 1997). It has been suggested that, because SPs initially develop in the neo- 
cortex rather than at the site of greatest NFT accumulation such as the limbic cor- 
tex, it is likely that SPs and NFTs are produced by different factors (Morris &; Price, 
2001). NFT formation in the medial temporal structures may be an ubiquitous 
accompaniment of aging whereas the presence of neocortical SPs indicates AD. Tan- 
gle formation, a marker of neuronal degeneration, increases as a function of demen- 
tia severity and may be regarded as a determinant of the clinical progression of AD. 



2.2.2 The p-amyloid precursor protein 

Several groups were successful in their attempts to identify the gene encoding the Ap 
peptide (Goldgaber et al., 1987; Tanzi et al., 1987). The gene is approximately 3200 
base pairs long and encodes a membrane protein that spans the plasma membrane 
once. The encoded protein, which has a large extracellular domain and a small 
intracellular domain, was named the p-amyloid precursor protein (p-APP). The APP 
is a ubiquitously expressed 100-140-kDa type I integral membrane glycoprotein 
(Selkoe, 1994). It is a member of a highly conserved gene family, including the amy- 
loid precursor-like proteins (APLP1 and APLP2) in mammals, as well as APP-like 
proteins (Daigle &c Li, 1993; Luo et al., 1990). The APP gene has been assigned to 
human chromosome 21 whereas APLP1 and APLP2 genes map to human chromo- 
somes 19 and 11, respectively (De Strooper et al., 1993; Lenjkkeri et al., 1998). 
Numerous studies support the hypothesis that the presence of APP in peripheral 
cells, i.e., endothelial and blood cells, may contribute to Ap deposition (Vanley et 
al., 1981; Li et al., 1995; Rosenberg et al., 1997). A study designed to determine 
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whether a differential level of platelet p-APP isoforms is specifically related to AD 
and whether it shows a correlation with the progression of clinical symptoms was 
undertaken (Di Luca et ah, 1998). After volunteers were grouped according to diag- 
nosis and severity of dementia, APP isoform levels in platelets were compared. The 
ratio between the intensity of the 130-kDa and 106-kDa APP isoforms was signifi- 
cantly lower in the AD group (0.31 ± 0.15) compared with both controls (0.84 ± 
0.2) and non-AD subjects (0.97 ± 0.4). A statistically significant correlation was 
observed also when individual MMSE scores and APP isoforms were considered, 
thus indicating that this value could represent a sensitive measure for the progres- 
sion of the disease. Therefore, this study suggests that peripheral platelet APP iso- 
forms may be considered as a marker of progression of the disease. 

APP can be processed and released from the cell as secreted forms through dis- 
tinct proteolytic pathways (Checler, 1995). Full-length APP undergoes different 
cleavages by still unknown proteases termed a-, (3- or y-secretases. The a-secretase 
cleavage occurs within the Ap sequence between amino acids 16 and 17 (Esch et al., 
1990). This leads to the production of a secreted form of APP termed sAPPa and 
also to the production of a 10-kDa C-terminal fragment (P10) that may be further 
cleaved by y-secretase activity into 3-kDa (P3) and 7-kDa (P7) fragments (Haass & 
Selkoe, 1993). The p- and y-secretases are responsible for the production of Ap40 
and Ap42 (Pike et al., 1995; Citron et al., 1996). Ap production is a normal process 
in healthy subjects as Ap is normally secreted and released from cells. The protease, 
termed P-site APP cleaving enzyme (BACE1), cleaves APP on the luminal side of the 
membrane. The y-secretase cleaves Ap within the transmembrane domain and it has 
been shown that PS1 and PS2 mediate y-secretase activity (De Strooper et al., 1998). 
There is increasing speculation that they themselves may be actual y-secretases 
(Wolfe et al., 1999; Kimberly et al., 2000). 

BACE1 is a membrane-bound aspartic protease with all the known functional 
properties and characteristics of p-secretase. It is a 501 -amino acid sequence peptide 
most closely related to the pepsin aspartic protease family. The expression pattern 
of BACE1 is highest in pancreas and brain and significantly lower in most other tis- 
sues. The enzyme is present in neurons but almost undetectable in glial cells of the 
brain, as shown by in situ hybridization analysis of BACE1 mRNA (Vassar, 2001). 
With BACE2, also called Asp-1, memapsin-1 or DRAP (Down’s region aspartic pro- 
teinase), a second member of the BACE subfamily of membrane-anchored aspartic 
proteases has been identified, having a high degree of similarity to BACE1. Several 
groups have now identified the enzymes responsible for b-secretase activity to be 
BACE1 and BACE2 (Sinha et al., 1999; Lin et al., 2000). Different approaches were 
followed to obtain the information about the sequence and subsequent characteri- 
zation of the enzymes. 

Apo E appears to play a role in Ap deposition because a lack of Apo E dramat- 
ically reduced Ap deposition in a transgenic model of AD (Bales et al., 1997; Holtz- 
man et al., 1999). Apo E-deficient mice were crossed with transgenic mice over- 
expressing a human APP gene. In 6-month-old mice homozygous for the APP mu- 
tation transgene and the wild-type mouse Apo E gene, the cerebral cortex and 
hippocampus had numerous amyloid deposits. In contrast, 6-month-old mice 
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homozygous for the APP transgene gene but lacking the wild-type mouse Apo E 
gene had no amyloid deposits. 



2.2.3 The amyloid cascade hypothesis 

There has been a continuing controversy over the significance of the specific patho- 
logical changes associated with AD. The amyloid hypothesis contends that the 
abnormal processing of APP leads to a shift in proportion of (3-amyloid 1-40/42 
(particularly the relatively more fibrillogenic 1-42 form) produced. This ultimately 
leads to insoluble protofibril species and plaque formation and subsequently neu- 
rodegeneration. A common assumption is that insoluble (3-amyloid is “toxic” or 
promotes the toxicity of other molecules, although a precise mechanism of toxicity 
has yet to be widely accepted. 

The effects of diverse Ap fragments on learning and memory processes have been 
investigated in several laboratories with the assumption that Ap is neurotoxic and 
may have deleterious behavioral effects. Some of the data are presented in Table 2.1. 
Thus, acute injections of Ap have deleterious effects on learning and memory pro- 
cessing. Shortly after the treatment, Ap does not appear to affect short-term memo- 
ry (STM) or retrieval processes, but to selectively interfere with memory consolida- 
tion, leading to selective deficits in LTM. This effect may be related to a disruptive 
effect of the peptide on neuronal activity since Ap has been shown to affect distinct 
levels of normal neuronal functions. In contrast, at delays of several days post-treat- 
ment, Ap has been shown to affect both STM and LTM, but these effects largely 
depend on the learning task used and on the protocol of administration. 

The amyloid cascade hypothesis, despite its many strengths, has some flaws as 
fibrillar amyloid is not the only toxic form of Ap. Evidence also points to a patho- 
genic role for small toxins that comprise globular Ap oligomers (Klein et al., 2001). 
The significance of the correlation between synapse loss and soluble Ap can also be 
explained by the “amyloid p-derived diffusable ligands” (ADDL) hypothesis (Lam- 
bert et al., 1998). ADDLs (pronounced “addles”) are potent Apl-42 neurotoxins 
that are non-fibrillar. Instead of fibrils, their structure comprises relatively small 
globular oligomers. The presence of high-affinity ADDL binding proteins in hip- 
pocampus and frontal cortex but not cerebellum parallels the regional specificity of 
AD pathology and suggests involvement of a toxin receptor-mediated mechanism 
(Klein, 2002). The ADDL hypothesis suggests that a major factor in AD is the neu- 
rological impact of soluble, globular oligomers of Apl-42 ADDLs. By causing spe- 
cific aberrations in synaptic signaling, ADDLs first cause early-stage memory loss, 
with broader-scale effects of ADDLs subsequently leading to synapse degeneration 
and nerve cell death. The properties of ADDLs and their presence in AD-afflicted 
brain are consistent with their putative role even in the earliest stages of AD. The 
ADDL hypothesis gives a compelling explanation of why specific brain areas degen- 
erate severely while neighboring areas remain intact, all without any plaques or fib- 
rils in the vicinity. These “ADDLs” may present novel opportunities to develop AD 
therapeutic drugs. 
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25-35 3 mM bilateral injections in the hippo- Rat Injected mice are able to acquire the task but Chen, 1996 

campi 2 and 1 weeks before acquisition show longer latencies and swim distances to 

locate the platform in the water maze paradigm 




Ap fragments Injection procedure Animal Behavioral effects Reference 
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starting 7-19 days before testing treatment; impaired spatial and working 

memory performance in the water maze after 
a 2 week treatment; impaired retention 
performance in a passive avoidance paradigm 
after 18-day treatment 
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2.2.4 Selective vulnerability 

AD is principally a disease that affects the cerebral cortices including neurons pro- 
viding connection to and within this brain structure (Vickers et ah, 2000; Hof et al., 
1999). There appears to be a regional hierarchy with respect to frank nerve cell 
degeneration with medial temporal lobe/limbic structures such as the amygdala, hip- 
pocampus and entorhinal cortex being affected earlier in the disease and typically 
showing severe damage by later stages of the disease. In other cortical regions, high- 
er-order association neocortices are the principal sites of brain pathology with 
evolving disease with primary sensory and motor regions typically demonstrating 
relatively little pathology. This spread of pathology throughout these circuits reflects 
a general staging of the disease from an early preclinical phase of minimal patholo- 
gy and isolated neuronal degeneration to later stages involving significant degener- 
ation in other brain areas responsible for higher brain functions. The term “selec- 
tive vulnerability” was introduced into neuropathology to describe the selective loss 
of specific populations of neurons, in disorders in which a genetic abnormality or 
environmental insults affect both vulnerable and resistant neurons (Cooper et al., 
1999; Braak et al., 2000). This phenomenon was originally described in studies of 
the neuropathology of aging and of neurodegenerative diseases (Vogt and Vogt, 
1951). The neurochemical mechanisms underlying selective vulnerability are an 
important and still largely unresolved problem in the neurobiology of disease, 
although it is now recognized that both “selectively vulnerable” and “selectively 
resistant” are relative rather than absolute terms. 

A recent study examined by immunohistochemistry the cellular distribution of 
a mitochondrial constituent (the a-ketoglutarate dehydrogenase complex, 
KGDHC) known to be deficient in AD, in relation to the known selective vulnera- 
bility of neurons in areas 21 and 22 of the temporal lobe in this neurodegenerative 
disorder (Ko et al., 2001). It was found that in normal human brain, cortical lay- 
ers III and V contain neurons intensely immunoreactive for KGDHC, compared to 
other cells in these areas. The KGDHC-enriched cells are lost in AD. In layer III, 
the loss of KGDHC-enriched cells is proportional to total loss of neurons, as deter- 
mined by immunoreactivity to neuron-specific enolase. In layer V, a higher pro- 
portion of the KGDHC-enriched neurons is lost than of other neurons. These data 
suggest that variations in mitochondrial composition may be one of the factors 
determining which cells die first when different types of cells are exposed to the 
same stress. 



2.3 Electrophysiology and imaging studies 

Methods for the non-invasive measurement of brain activity fall into two main prin- 
cipal categories, depending on whether they measure electrophysiological or hemo- 
dynamic variables. These methods can be used to detect transient activity that fol- 
lows a specific event such as the presentation of a stimulus (event- or item-related 
activity), as well as the more sustained activity that may accompany engagement in 
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a specific task (state-related activity). Electrophysiological methods detect the time- 
varying electric (electroencephalography (EEG)) and magnetic (magnetoen- 
cephalography (MEG)) fields at the scalp surface generated by synchronously active 
populations of neurons. Hemodynamic methods measure neural activity indirectly, 
relying on coupling between changes in neural activity and local changes in variables 
such as regional cerebral blood flow (rCBF) and blood oxygenation. The methods 
employ image reconstruction techniques to localize changes in these variables to 
within a spatial resolution of a few millimeters. 

Functional neuroimaging by PET or functional magnetic resonance imaging 
(fMRI) provides a way to monitor large neuronal populations in awake humans 
while they engage in cognitive tasks. PET involves measuring regional blood flow 
using H 2 15 0 and allows for repeated measurements on the same individual. fMRI is 
based on the fact that neural activity changes local oxygen levels in tissue and that 
oxygenated and deoxygenated hemoglobin have different magnetic properties. It is 
now possible to image the second-by-second time course of the brain’s response to 
single stimuli or single events with a spatial resolution in the millimeter range. 

Electrophysiological studies revealed increases in the theta and delta bands and 
a decrease in the alpha and beta bands in the baseline EEGs of AD patients (Lete- 
mendia & Pampiglione, 1958; Harner, 1975; Stigsby et al., 1981). Serial quantita- 
tive EEG studies show a high correlation between the degree of dementia and theta 
power and mean frequency (Coben et al., 1985). Focal EEG changes with or with- 
out generalized slowing suggest either multi-infarct dementia or normal pressure 
hydrocephalus (Soininen et al., 1982; Brown &c Goldensohn, 1973). Neuropsycho- 
logical and neurophysiological studies that investigated the influences of drugs on 
AD patients found that the acute administration of some cholinergic drugs which 
improved memory and attention also exhibited a tendency to shift the EEG into 
more normal patterns while anticholinergic drugs induced opposite effects (Agnoli 
et al., 1983; Neufeld et al., 1994). 

Atrophy of the hippocampus and amygdala has consistently been shown in AD 
even in preclinical stages (Golebiowski et al., 1999; Heun et al., 1997). There 
remains an overlap between AD patients and healthy elderly controls. Many stud- 
ies have shown age-related reductions of the hippocampus in healthy subjects and 
AD patients (Golebiowski et al., 1999; Smith et al., 1999; Mu et al., 1999). Reduc- 
tion of hippocampus volume with age may therefore reduce the ability to use this 
volume to distinguish AD patients from healthy elderly controls. Recently, a study 
showed that age transformation of combined hippocampus and amygdala volume 
may improve the diagnostic accuracy in AD (Hampel et al., 2002). Using an orthog- 
onal rotational transformation of the coordinate system, values of magnetic reso- 
nance imaging (MRI)-determined volumes of hippocampus-amygdala formation 
(HAF) were transformed according to the age of the AD subjects and the sex- 
matched healthy control subjects. The results showed that the age transformation 
increased the diagnostic accuracy of HAF volumes in the subjects. It was therefore 
suggested that age transformation may provide an easily applicable procedure to 
increase the clinical diagnostic accuracy of hippocampal measurements by consid- 
ering the effect of aging on hippocampus volume. 
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Atrophy of the medial temporal lobe in AD has been shown using rating scales, 
measures of hippocampal width and volumes and measures of entorhinal cortical 
volume (Scheltens et ah, 1992; Killiany et ah, 1993; Juottonen et al., 1998). Serial 
MRI coregistration techniques suggest that the atrophy may be more widespread, 
involving the cortex diffusely even at an early stage of the disease (Fox et al., 1998). 
It has been suggested that a larger brain volume provides a greater cerebral reserve 
against the effects of AD, maintaining cognitive function in the presence of neu- 
rodegeneration and thereby delaying the onset of symptoms. This hypothesis was 
based on the observation that nondemented elderly subjects with histological evi- 
dence of AD at autopsy had larger brains and a greater number of large neurons 
than elderly control subjects without such histological change. However, a study 
that investigated the relationship between total intracranial volume (TIV) and spo- 
radic and familial AD reported no significant association between TIV and AD 
(Jenkins et al., 2000). Premorbid brain size did not differ between AD patients and 
controls and did not delay disease onset. 

In functional imaging studies, the most consistently replicated clinical finding 
associated with the posterior cingulate cortex has been decreased metabolic activi- 
ty of this region in AD (Nyback et al., 1991; Ishi et al., 1997). Most striking is the 
observation that the posterior cingulate cortex is the region with the greatest reduc- 
tion in metabolic activity in patients with very early AD (Minoshima et al., 1997). 
This region is also hypometabolic in individuals who are at risk for AD (homozy- 
gous for the Apo E4 allele and having a positive family history for AD) but cur- 
rently have no clinical evidence of the disease (Reiman et al., 1996). The transla- 
tion from fMRI studies of normal memory function to clinically useful assessment 
tools will require the development of memory tasks that consistently elicit signifi- 
cant activation of specific brain regions in individual subjects. Activations that 
require group analyses to be clearly detected cannot be used to assess individual 
patients. 



2.3.1 Magnetic resonance imaging 

Due to the progressive nature of AD, the question has arisen whether serial MRI, 
which should be able to document the progressive changes occurring within an indi- 
vidual, would improve the diagnostic accuracy. In a study that documented longi- 
tudinal changes in hippocampal volumes using MRI over a period of 3 years in AD 
patients and normal controls, a statistically nonsignificant trend towards accelerat- 
ed volume loss in the AD group was observed (Laakso et al., 2000). During the 
study period, the average shrinkage of the hippocampal volume ranged from -2.2% 
to -5.8% in control subjects, and from -2.3% to -15.6% in AD patients. Howev- 
er, the observed changes at an individual level were small, and within the accuracy 
range of the measurements. Serial MRI of the hippocampus did not offer any advan- 
tages over a single MRI to support the diagnosis of AD. 

A study designed to test the hypothesis that MRI-based measurements of hip- 
pocampal volume are related to the risk of future conversion to AD in older patients 
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with a mild MCI showed that hippocampal atrophy at baseline was associated with 
crossover from MCI to AD (relative risk, 0.69, p = 0.15) (Jack et al., 1999). The 
associations between hippocampal volume and crossover remained significant. It 
appears that in older patients with MCI, hippocampal atrophy determined by pre- 
morbid MRI-based volume measurements is predictive of subsequent conversion to 
AD. 

A recent study designed to investigate whether hippocampal volume is a sensi- 
tive and specific indicator of AD neuropathology regardless of the presence or 
absence of cognitive and memory impairment was performed using postmortem 
MRI scans obtained for the first 56 participants of the Nun Study who were scanned 
(Gosche et al., 2002). The results showed that hippocampal volume predicted ful- 
fillment of neuropathologic criteria for AD for all participants. In individuals who 
remained nondemented, hippocampal volume was a better indicator of AD neu- 
ropathology than a delayed memory measure. Among nondemented individuals, 
Braak stages III and VI were distinguishable from those in stages II or lower 
(p = 0.001). The results suggest that hippocampal volumes may be valuable not only 
in distinguishing individuals with AD from the nondemented elderly but also in 
identifying individuals with AD neuropathology who have not yet demonstrated 
any memory impairment. Thus, volumetric measures of the hippocampus may be 
useful in identifying nondemented individuals who satisfy neuropathologic criteria 
for AD as well as pathologic stages of AD that may be present decades before ini- 
tial clinical expression. 



2.3.2 Positron emission tomography 

PET measures neuronal activation by estimating local CBF on the basis of detecting 
the concentration of radioactively labeled H 2 15 0 (Fox et al., 1984). Blood flow 
changes follow the patterns of neural activity by several seconds (Roland, 1993). A 
number of PET and fMRI studies have measured brain activity during episodic and 
semantic retrieval using the subtraction method (see Cabezza & Nyberg, 2000). A 
meta-analysis of four PET studies that used recognition as the episodic retrieval task 
revealed that increased blood flow in six brain areas could be contributed to episod- 
ic retrieval mode, five of which were in the prefrontal cortex including Brodmann’s 
areas (BA) 10, 45/47 and 8/9. While these prefrontal areas were found bilaterally 
(with the exception of BA 8/9, which was found only on the right), they were clear- 
ly lateralized to the right hemisphere. This suggested that the so-called hemispheric 
encoding-retrieval asymmetry (HERA) pattern of cerebral blood flow, according to 
which episodic retrieval elicits higher right hemispheric blood flow than encoding, 
could be mostly contributed to task-related retrieval processes (Tulving et al., 1994; 
Lepage et al., 2000). Other brain regions have been reported to be activated during 
episodic retrieval, among which the dorsolateral prefrontal cortex, the medial tem- 
poral lobes, the medial parietal and posterior cingulate regions and the parietal cor- 
tex are the most frequent (Nyberg et al., 2000; Krause et al., 1999). Semantic 
retrieval has also been investigated using PET and fMRI. A consistent finding dur- 
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ing semantic retrieval has been increased blood flow in ventrolateral (BAs 45/46), 
ventromedial (BA 11) and mid-dorsal (BAs 9 and 46) areas of the left prefrontal cor- 
tex (Kapur et al., 1994; Jennings et al., 1997). 

PET studies show that patients with AD have abnormally low measurements of 
the cerebral metabolic rate for glucose (CMRgl) in parietal, temporal and posterior 
cingulate cortex. Abnormally low prefrontal and whole brain measurements in 
more severely affected individuals and a progressive decline in these measurements 
over time are also noted. Studies suggest that PET has potential to detect these 
reductions prior to the onset of symptoms in individuals with AD and other degen- 
erative brain disorders (Small et al., 1996). 

As a clinical instrument, PET does not solely reveal dysfunctional changes early 
in the course of the disease but may also provide a deep insight into the functional 
mechanisms of new potential drug treatment strategies (Nordberg, 1999). The 
advantage of PET is the capacity not only to measure changes in glucose metabo- 
lism, CBF but also to obtain further insight into neuronal communicative processes 
(transmitter/receptor interactions) in brain and pharmacokinetic events and drug 
mechanisms. Imaging techniques such as PET and SPECT offer the unique oppor- 
tunity to study functional effects in the brain induced by drug treatment. So far rel- 
atively few drug treatments in demented patients have been evaluated by these tech- 
niques. 



2.3.3 Magnetization transfer ratio 

The technique of magnetization transfer ratio (MTR) was proposed as a novel 
measure for the early diagnosis of MCI and AD (Kabani et al., 2002). Magnetiza- 
tion transfer is a technique that generates contrast dependent upon the phenome- 
non of magnetization exchange between semisolid macromolecular protons and 
water protons (Wolff & Balaban, 1989). Using this procedure, it was shown that 
the MTR of white matter was significantly lower in the AD group (Kabani et al., 
2002). The gray matter volume was significantly lower in the AD group compared 
to controls (387.29 ± 26.04 cm 3 versus 532.93 ±20.53 cm 3 ) and MCI 
(464.64 ± 16.93 cm 3 ). No significant differences were found in the white matter 
volume between the three groups. It was therefore suggested that the MTR 
methodology may be used as a novel approach to improve early diagnosis of AD. 
The changes in the neuroanatomical substrate of the brain were attributed to 
changes as a result of disease progression in the MCI and AD groups and not to 
the age factor. Therefore, these results indicate that MTR measurements in MCI 
subjects may well be a more sensitive and improved means to measure early 
changes in the brain tissue indicative of incipient dementia. Determining whether 
MCI subjects who show abnormal values are destined to deteriorate will require 
longitudinal follow up. 
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2.4 Discussion 

Both the MCI and AD cases had significantly fewer neurons than non-demented 
individuals (Kordower et al., 2001). The relationship between amyloid deposits and 
neurofibrillary lesions remains an important unresolved issue in our understanding 
of the pathogenesis of AD. There is accumulating evidence that Ap and its precur- 
sor are essential for brain function. Particularly, Ap is an antioxidant and a molec- 
ular sensor of membrane lipid dynamics. 

There is a lack of consensus regarding the mechanisms by which Ap causes neu- 
rodegeneration. This highlights one of the key weaknesses of the hypothesis that this 
molecule causes AD. The concentration of Ap used in almost all in vitro neurotox- 
ic studies is between 1 and 100 jug/ml, which is as much as 10 000 times the con- 
centration of Ap in human cerebrospinal fluid (CSF). Further problems concern the 
specificity of the synthetic peptides used; most toxicity studies have used synthetic 
peptides that might behave differently from the peptides generated in vivo. Abun- 
dant Ap deposits can be present in cognitively normal individuals and it is the pres- 
ence of intracellular neurofibrillary lesions that correlates better with the presence 
of cognitive changes. More recent studies from the laboratory, however, show that 
the soluble pool of Ap may be the major determinant of neurodegeneration 
(Holsinger et al., 2002). 

The correlation of dementia severity with NFTs is consistent with the hypothe- 
sis that the Ap-initiated AD process exacerbates NFT accumulation in vulnerable 
areas (Bierer et al., 1995). The density and pattern of NFT formation correspond 
closely to neuronal loss in these regions. Because of neuronal dysfunction, synaptic 
loss and death produce dementia; the greater the neuronal loss (or the greater the 
number of NFTs), the greater the severity of dementia. 

Functional neuroimaging has provided some new insights in the study of memo- 
ry dysfunctions. However, interpreting functional neuroimaging of memory is no 
easier than interpreting lesion studies of amnesics. Although fMRI has steadily 
improved spatial resolution, its temporal resolution does not approach physiologi- 
cally relevant levels. 
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3.1 Introduction 

AD is characterized by multiple deficits including alterations to the cholinergic sys- 
tem (a major target in the neurotransmitter research because it is central to the cog- 
nitive changes observed in AD), the noradrenergic system, the serotonergic system 
and the dopaminergic system. According to the cholinergic hypothesis, the impair- 
ment of cognitive function and the behavioral disturbances that affect patients with 
AD are mainly due to cortical deficiencies in cholinergic neurotransmission. Defi- 
ciencies in the cholinergic system may also be involved in the formation of amyloid 
plaques and NFTs. 

Many laboratories have shown that overstimulation of the activity of excitatory 
brain cells by introducing the excitatory neurotransmitter glutamate or p-amyloid 
peptides leads to neuronal destruction (Sigurdsson et al., 2001; Frenkel et al., 2001; 
Zipfel et al., 2000). Moreover, overstimulation can be initiated by plaque material 
or other stimuli. 

Many studies have shown an altered Ca 2+ homeostasis in aging (Thibault et al., 
1998; Verkhratsky & Toescu, 1998). In aging neurons, Ca 2+ action potentials are 
larger and have a longer plateau phase than in young neurons (Moyer & Disterhoft, 
1994). This increase in Ca 2+ influx is at least partially caused by an increase in the 
functional L-type Ca 2+ channel density (Chen et al., 2000). 



3.2 Cholinergic receptors 

Acetylcholine (ACh) is a neurotransmitter that modulates neuronal activity through 
agonist effects on muscarinic and nicotinic receptors. Cholinergic neurons demon- 
strate extensive distribution throughout the CNS and the peripheral nervous system. 
In the CNS they are believed to be associated with cognitive functions. 

Nicotinic cholinergic receptors may be especially important in regulating cogni- 
tive functions such as attention and in causing the release of more transmitter from 
cholinergic neurons as well as from numerous other neurons that release dopamine, 
y-aminobutyric acid (GABA), glutamate and norepinephrine (Stahl, 2000). Nico- 
tinic receptors can be regulated both by ACh and by allosteric modulators that help 
ACh. 
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The loss of the basal forebrain cholinergic system is one of the most significant 
aspects of neurodegeneration in the brains of AD patients and it is thought to play 
a central role in producing cognitive impairments (Perry et al., 1978; Whitehouse et 
al., 1981). There was an extensive loss of cholinergic neurons in the nucleus basalis 
of Meynert which project widely to neocortex, amygdala, and hippocampus (White- 
house et al., 1981, 1982). Reduced activity of cortical choline acetyltransferase cor- 
relates with the number of SP and with cognitive impairment in patients with AD 
(Perry et al., 1978). Post-mortem biopsy studies have also shown that as the AD 
condition worsens, progressive loss of basal forebrain cholinergic neurons is accom- 
panied by incremental loss of nicotinic ACh receptors (nAChRs) in cerebral cortical 
neurons (Nordberg, 1999; Perry et al., 2000). Two nAChR subtypes are found in 
abundance in the mammalian CNS. One binds nicotine with high affinity and is 
composed of a4- and (32-subunits. The other binds a-bungarotoxin and is most 
probably a homomeric a7-nAChR (Lindstrom, 1997). These receptors are located 
postsynaptically where they mediate fast synaptic transmission and presynaptically 
where they modulate synaptic transmission mediated by numerous neurotransmit- 
ters, including glutamate, GABA, serotonin, ACh and norepinephrine (Albuquerque 
et al., 2000). Interestingly, the loss of nAChR is receptor subtype selective. Recep- 
tors containing the a4 nAChR subunit (the predominant brain nAChR subtype) are 
decreased both in the hippocampus and cerebral cortex, whereas cortical levels of 
receptors containing a 7 and/or a3 subunit receptors are maintained (Martin-Ruiz 
et al., 1999). 

Acetylcholinesterase (AChE) is a 76-kDa protein and a member of the a/(3- 
hydrolase family. It is one of the fastest acting enzymes known and its major func- 
tion is to terminate the action of ACh by hydrolyzing it to choline and acetate. It is 
found in cholinergic synapses in the CNS and periphery but also in non-cholinergic 
nerves. It plays an important role in the development of neurons and neurite out- 
growths. Butyrylcholinesterase (BuChE) has a structure similar to that of AChE. 
BuChE is synthesized in the liver and secreted into plasma. It is found with AChE 
in the gastrointestinal tract and heart and constitutes 1-10% of the total amount of 
cholinesterase in the adult CNS, where it is present in glial cells. The physiological 
role of BuChE is unclear, but it may serve as a scavenger in the detoxification of cer- 
tain chemicals, thus limiting the amount reaching the CNS. It has also been sug- 
gested that BuChE may participate in the transformation of the (3-amyloid protein 
from an initially benign form to an eventually malignant form associated with neu- 
ritic tissue degeneration and clinical dementia (Guillozet et al., 1997). More work is 
necessary both at the experimental and the clinical level to elucidate the role of 
BuChE in normal brains and in brains affected by AD (Giacobini, 2001). 

As a result of these observations, substantial pharmacological research 
focused on attempting to enhance ACh levels in the synaptic cleft, primarily by 
inhibiting the degradative enzyme. AChE inhibitors enhance neuronal transmis- 
sion by preventing the hydrolysis of ACh by the enzyme AChE, thus increasing 
the availability of ACh in muscarinic and nicotinic receptors. These efforts have 
ultimately led to a few acetylcholinestase inhibitors specifically approved to date 
for treating AD. 
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3.2.1 Cholinergic receptors and A(3 deposition 

A study that hypothesized that cortical cholinergic deafferentation leads to A(3 depo- 
sition showed that cholinergic deafferentation induced in rabbits by a selective 
immunotoxin leads to Ap deposition in cerebral blood vessels and perivascular neu- 
ropil (Beach et ah, 2000). Biochemical measurements confirmed that lesioned ani- 
mals had 2.5- and 8-fold increases of cortical Ap40 and Ap42, respectively. Cholin- 
ergic deafferentation may be one factor that can contribute to Ap deposition. The 
reason for this is unknown. Longer survival periods may be necessary to allow the 
development of profuse neuropil deposits. 

Very low concentrations of Ap peptides can directly induce cholinergic hypo- 
function, particularly in the hippocampal and cortical regions, thus indicating a pos- 
sible connection between amyloid burden and cholinergic impairment in AD (Ped- 
ersen et al., 1996). The potency of Ap as a cholinergic neuromodulator suggests that 
it is a very potent inhibitor of ACh release. A greater understanding of the mecha- 
nism by which Ap-related peptides and the cholinergic system interact may lead to 
significant progress in our comprehension of AD symptomatology. 



3.3 Monoaminergic receptors 

3.3.1 Serotonin 

Recent studies have indicated that the serotoninergic system plays important roles 
in memory function (Meneses, 2000). Among the serotonin (5-HT) receptor sub- 
types shown to play a role in various learning and memory models, the 5-HT 1A 
receptors are of particular interest. This receptor is characterized by its high con- 
centrations in the limbic system such as the hippocampus which is known to play 
an important role in learning and memory (Press et al., 1989; Squire & Zola-Mor- 
gan, 1991). It interacts with other neurotransmitter systems such as the glutamater- 
gic and cholinergic systems (Steckler &c Sahgal, 1995; Boast et al., 1999). 

There is increasing evidence that the functional integrity of the 5-HT system may 
be compromised in age-related cognitive disorders and that an abnormality exists in 
the 5-HT system in AD (Palmer & DeKosky, 1993). Histopathological studies have 
shown the formation of NFTs or SPs in the dorsal raphe nucleus (DRN, a major cell 
body area for 5-HT) and in the hippocampus as well as modest to severe cell loss in 
the DRN (Halliday et al., 1992; Brady & Mufson, 1991). 

A recent study using PET with WAY-100635 examined the relationship of 5- 
HT 1A receptors with memory function in normal healthy male volunteers (Yasuno 
et al., 2003). The administration of tandospirone, a specific 5-HT 1A agonist, 
impaired explicit verbal memory in a dose-dependent manner, whereas other cogni- 
tive functions showed no significant changes. The change in memory function par- 
alleled those of body temperature and growth hormone that were reported to be 
induced by the stimulation of postsynaptic 5-HT 1A receptors (Blier et al., 1994; 
Seletti et al., 1995). These data may suggest the possibility that the antagonistic 
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effect of postsynaptic 5-HT 1A receptors in the hippocampus leads to improvement 
of human memory function. 5-HT 1A antagonists may be favorable for improved 
control of memory impairment. 



33.1.1 Serotonin depletion studies 

Acute tryptophan depletion by dietary means reduces central 5-HT levels and 5-HT 
function (Nishizawa et al., 1997). In young healthy volunteers, acute tryptophan 
depletion has been shown to cause impairment in learning (Park et al., 1994). Stud- 
ies that examined the effects of 5-HT depletion induced by acute tryptophan deple- 
tion in patients with dementia of the Alzheimer type showed that acute tryptophan 
depletion significantly impaired cognitive function in AD patients (Porter et al., 
2000; Newhouse et al., 2002). The mean difference in score on the Modified MMSE 
scale after acute tryptophan depletion compared with placebo was 4.6 points or 8% 
of the placebo score, which is clinically significant. Compromised serotonergic func- 
tion, in combination with cholinergic deficit, may make an important contribution 
to cognitive decline in dementia of the Alzheimer type. However, studies of supple- 
mentation with L-tryptophan in dementia of the Alzheimer type have failed to 
demonstrate any consistent improvement in cognitive function (Whitford, 1986). 
Large studies of treatment with selective serotonin reuptake inhibitors (SSRIs) in AD 
have failed to demonstrate clear improvement in cognitive function (Gottfries &c 
Nyth, 1991). 



3. 3. 1.2 Serotonin transporter 

Because the serotonin transporter (5-HTT) clears the synaptic cleft of the neuro- 
transmitter, thus terminating neurotransmission, it plays a crucial role in serotoner- 
gic neurotransmission controlling the concentration of free, active neurotransmitter 
in the synaptic cleft. 

A study that investigated whether 5-HTT sites would be altered in the DRN as 
well as in the hippocampus in AD compared to controls and using quantitative 
autoradiography showed that 5-HTT sites were significantly decreased in the DRN 
in AD (Tejani-Butt et al., 1995). Significant decreases occurred in the lateral wings 
of the DRN complex. A significant decrease in 5-HTT sites was also observed in the 
CA2 subfield of the hippocampus and in the entorhinal cortex in AD. Thus, this 
study suggests that the integrity of 5-HT neurons in the DRN may be compromised 
in AD and that region-specific alterations in 5-HTT sites may occur in the hip- 
pocampal complex. Further studies investigating the mechanisms by which 5-HTT 
sites are altered in select brain regions will improve our understanding of the link 
between the 5-HT system and the behavioral cognitive deficits that are associated 
with AD. 

AD-associated reductions in the number of 5-HTTs have been reported in the 
DRN, hippocampus, entorhinal cortex, and platelets, the latter indicating that this 
effect is not an epiphenomenon of the disease process. In a population-based asso- 
ciation study the frequency of the low-activity allele of the serotonin transporter 
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gene-linked polymorphic region (5-HTTLPR) was increased in patients with 
LOAD (Li et al., 1997). An excess of the homozygous genotype of the short 5- 
HTTLPR was found in comparison to controls with a significant odds ratio of 1.7 
and a population-attributable risk of 33%. These results indicate that central 5-HT 
function related to allelic variation in function of 5-HTT expression may be 
involved in the pathogenetic mechanism of cognitive deficits observed in senile 
dementias and may be a risk factor for LOAD. Better understanding of the mech- 
anism of action of neurotoxins that target the 5-HTT and the potential impact of 
this transporter on brain plasticity and neurodegeneration may have significant 
therapeutic consequences. 

Given the fact that the 5-HTT continues to be an important target for drug 
development, novel therapeutic strategies aiming at 5-HTT gene transcription are 
currently being explored (Lesch & Mossner, 1998). The 5-HTT gene promoter and 
its associated regulatory elements may be suitable targets for therapeutic interven- 
tion. 



33,13 Serotonergic-cholinergic interactions 

There is considerable evidence indicating an extensive loss of both cholinergic and 
5-HT neurons in the brain of patients with AD. For example, serotonergic-cholin- 
ergic interactions based on 5-HT 1A and 5-HT 1B receptor-mediated modulation of 
septal and frontal cholinergic neurons have been suggested to play a central role in 
learning and memory as well as in the appearance of age-dependent or neurodegen- 
erative cognitive deficits (Kia et al., 1996). 



33.1.4 Serotonergic receptors and psychotic symptoms 

Several studies have shown that psychotic symptoms appear in the course of the dis- 
ease of a large portion of AD patients. A recent observation has shown that com- 
mon genetic polymorphisms in the 5-HT 2A and 5-HT 2 c serotonin receptor genes are 
risk factors for psychotic symptoms in AD (Holmes et al., 1998). According to this 
study, associations were found between the 5-HT 2A 102T/C polymorphism and the 
presence of visual and auditory hallucinations for genotype frequencies. The distri- 
bution of the 5-HT 2A receptor gene genotypes and allele frequencies differ signifi- 
cantly between the AD patients with prominent psychotic features compared to 
those patients without (Nacmias et al., 2001). Homozygosity for the C102 allele in 
52% of AD patients with psychotic symptoms as compared to 6.9% of patients 
without psychosis was observed. 



3.3.2 Noradrenaline 

33.2.1 Noradrenergic-cholinergic interactions 

Beside metabolic and myogenic factors, noradrenergic sympathetic and acetyl- 
cholinergic parasympathetic innervation of the microvasculature participate in the 
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regulation of the CBF. Noradrenaline causes vasoconstriction whereas ACh 
induces vasodilatation (Uddmann & Edvinsson, 1989; Suzuki 6c Hardebo, 1993). 
The normally existing balance between noradrenergic and acetylcholinergic inner- 
vation is dysregulated during aging during which an increase in the sympathetic 
tone is present. Both synthesis and release of ACh were decreased (Bowen, 1984; 
Bigl et al., 1987). Otherwise, the noradrenaline concentration increases in cerebral 
cortex with aging and the stress-induced release of noradrenaline is prolonged 
(Perego et al., 1993). The imbalance between noradrenergic and acetylcholinergic 
innervation of microvasculature may contribute to their morphologic abnormali- 
ties during aging and in particular in sporadic AD (Mungas et al., 2001). 



3.3.3 Dopamine 

In non- AD individuals, the dopaminergic and cholinergic pathways are involved 
in providing balanced motor control and in cognitive and higher functions. 
Dopaminergic neurons of the ventral tegmental area projecting to the prefrontal 
cortex are known to modulate working memory (Goldman-Rakic, 1998). The 
dopaminergic projections to the medial temporal lobe play a role in the encoding 
and retrieval of sensory information. A microdialysis study in humans established 
that dopamine is released into the amygdala upon starting a cognitive task and 
that increase in dopamine release is related to learning performance (Fried et al., 
2001). 

Dopaminergic dysfunction in AD possibly linked with D 3 dopamine receptor 
activity is linked to the development of hallucinatory and psychotic symptoms 
owing to the presence of these receptors in the limbic areas of the brain (Molchan 
et al., 1991; Schwartz et al., 1993). Some studies have shown that there is 
increased monoamine oxidase B (MAO-B) in the brains of AD patients that leads 
to dopaminergic dysfunction and that MAO-B inhibition can mediate cognitive 
and behavioral improvements in AD patients (Tariot et al., 1987; Sunderland et 
al., 1992). 



3.4 Glutamate and NMDA receptors 

Glutamate is the neurotransmitter for most of the excitatory synapses in the mam- 
malian CNS. Three classes of glutamate-gated ion channels (AMPA, kainate and N- 
methyl-D-aspartate (NMDA) receptors) transduce the postsynaptic signal. Gluta- 
mate receptors are divided into two distinct groups, ionotropic and metabotropic 
receptors (mGluRs) (see Ozawa et al., 1998). Both ionotropic receptors and 
mGluRs have been implicated in learning and in aging. There are indications that 
glutamate might be involved in the pathomechanism of neurodegenerative diseases 
like dementia (Greenamyre & Young, 1989). This issue is still controversial and is 
largely neglected by supporters of the cholinergic hypothesis. Some findings provide 
further support for the glutamatergic hypothesis (see Table 3.1). 
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Table 3.1: Some findings that support the glutamatergic hypothesis 



- In postmortem samples from brains of dementia patients, there is a decrease in astroglial 
glutamate carrier EAA2 in the frontal cortex (Li et al. r 1997). 

- Some authors observed co-localization of glutamate neurons and pathological alterations 
(NFT and SP) in postmortem analysis of the brains of dementia patients (Francis et al., 
1993). 

- Head trauma (associated with glutamatergic dysfunction) has been suggested to be an 
important risk factor for dementia by some but not other studies (Mendez et al., 1992). 

- Acute or chronic NMDA-induced excitotoxicity in neuronal cultures is associated with an 
augmented immune-labeling of phosphorylated tau proteins at serine 202 (AT8 antibody) 
as observed in paired helical neuro-filaments (Couratier et al., 1996). NMDA-induced cell 
death and elevated AT8 tau immunoreactivity is blocked significantly by NMDA receptor 
antagonists. In vitro glutamate toxicity is blocked by antisense of tau mRNA (Pizzi et al., 
1995). 

- In vitro p-amyloid peptide enhances the toxicity of glutamate and augments NMDA 
receptor- mediated transmission (Wu et al., 1995). 

- In vitro p-amyloid enhances depolarization-stimulated glutamate release - more in aged 
animals and inhibits its glial uptake (Harris et al., 1996). 

- In vivo excitotoxicity increases APP production in glia (Topper et al., 1995). 

- Injection of p-amyloid i.c.v. produces long-lasting depression of EPSPs in the hippocam- 
pus - an expression of ongoing mild excitotoxicity - that is prevented by the NMDA 
receptor antagonist (Cullen et al., 1996). 



The NMDA receptor is a highly calcium-permeable, ligand-gated ion channel in 
neurons and a member of the ionotropic glutamate receptor family. NMDA recep- 
tors are abundant, ubiquitously distributed throughout the brain, fundamental to 
excitatory neurotransmission and critical for normal neurologic function. Excessive 
stimulation of the NMDA receptor leads to excessive intracellular calcium influx, 
generation of free radicals such as nitric oxide and reactive oxygen species, collapse 
of the mitochondrial membrane potential, loss of ATP and eventually neuronal 
apoptosis or necrosis depending on the intensity of the initial insult and the extent 
of energy recovery. Previous studies have shown an age-related decline in NMDA 
receptor density as well as several NMDA receptor-mediated plasticities in the hip- 
pocampus (Magnusson, 1998; see Segovia et al., 2001). The role of the NMDA 
receptor in excitotoxicity has driven the search for antagonists as neuroprotective 
agents. Its role in synaptic plasticity, on the other hand, has inspired research into 
receptor potentiators to treat cognitive function (Baster et al., 1994; Matsuoka & 
Aigner, 1997). The key issue is whether drugs that affect NMDA activity can be 
developed without dose-limiting side effects while retaining some benefit. Work in 
the NMDA receptor field indicates that developing compounds safe enough to pass 
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the highest hurdles is not easy. Given the many varied opportunities to modify 
NMDA receptor activity, the potential for finding therapeutically valuable drugs is 
high. However, the balance between blocking NMDA neurotransmission and poten- 
tiating it is a critical one. Will we be able to find effective drugs for improving cog- 
nition without increasing the propensity to damage from stroke? Perhaps the recent 
explosion in genomics, proteomics and in understanding the structure of the excita- 
tory synapse will help further understand glutamate neurotransmission and identify 
more selective targets for drug development. 



3.5 The cytokines 

Inflammation may contribute to the neuronal destruction that invariably leads to 
dementia (Neuroinflammation Working Group, 2000). A(3 induces the release of 
inflammatory cytokines and these cytokines may in turn enhance A(3 secretion 
(Mehlhorn et al., 2000). This interplay between A(3 and cytokines could contribute 
to the chronicity of LOAD. Interleukin (IL)-l(i, IL-6 and TNF-a can augment APP 
expression, increasing the release of Ap (Blasko et al., 1999). TNF-a and -p (lym- 
photoxin (LT)-a) are inflammatory cytokines involved in the local immune 
response occurring in the central nervous system of LOAD patients (Barger et al., 
1995). 

IL-1, the prototypical acute-phase pro-inflammatory cytokine, mainly of micro- 
glial origin in the brain, has emerged as a key player in the orchestration of neu- 
rodegenerative events during AD (Griffin et al., 1998). IL-1 has been shown to up- 
regulate expression and processing of the p-APP in neurons. This phenomenon is 
likely to contribute to the deposition of Ap fragment in plaques as well as to the 
release of secreted P-APP. Brain levels of IL-1 are known to be elevated in AD 
patients and this cytokine may regulate expression of the APP (Griffin et al., 1989). 
IL-1 overexpression in the brain correlates with the degree of progression of neu- 
ritic plaques, the formation of NFTs and DNA damage in neurons (Griffin et al., 
1989; Sheng et al., 1997; 1998a, 1998b). It is stronger in brain regions mostly 
involved in AD pathology (Sheng et al., 1995). In AD, the expression of cyclooxy- 
genase (COX)-2 is elevated in CNS and higher levels of prostaglandins are found 
in the CSF (Montine et al., 1999). However, the expression of COX-1 has recently 
gained attention as a possible source of prostaglandins in AD, which might be 
important for the different strategies to use anti-inflammatory drugs (Yermakova 
et al., 1999). 

Genetic variation at these genes could contribute to the risk of developing AD or 
influence the age of onset of the disease. A study genotyped 315 LOAD patients and 
400 healthy controls for DNA polymorphisms in the gene encoding TNF-a 
(-308G/A, -238G/A) and LT-a (Asn26Thr) (Alvarez et al., 2002). Carriers of -308A 
showed a significant mean age at onset 3 years younger than noncarriers of this 
allele. These data suggest an effect of the TNF-a-308 polymorphism on the age of 
onset of LOAD. They also highlight the importance of genetic variation of the 
proinflammatory components in the origin and progression AD. 
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3.6 Cyclooxygenase enzymes 

Regular use of non-steroidal anti-inflammatory drugs (NSAIDs) is beneficial for the 
course of AD (McGeer et al., 1996). Most NSAIDs inhibit the activity of COXs 
(Vane &c Botting, 1998). These enzymes are involved in the conversion of arachi- 
donic acid, which is liberated from membrane phospholipids by phospholipase A 2 , 
into prostaglandins and thromboxanes (prostanoids). There are two isoforms of 
COX, COX-1 and COX-2. Depending on the expression level, neuronal COX-2 
may either serve physiological functions through refining excitatory synaptic con- 
nections or induce pathological pathways leading to neuronal injury (Nakayama et 
al., 1998; Nogawa et al., 1997). In AD brain, overall COX-2 expression is increased 
compared to that in non-demented control brain (Kitamura et al., 1999). Overex- 
pression of COX-2 is associated with inflammation and a variety of proliferative 
diseases. This observation suggests that the development of anti-inflammatory 
strategies that may decrease inflammatory neurodegeneration in the brain as a func- 
tion of the clinical progression of AD may be a treatment approach. Selective 
inhibitors of COX-2 are currently available. 



3.7 Metal-mediated oxy-radical and peroxide formation 

There are other factors that are also thought to contribute to the neurodegenerative 
process of AD; these include neuroinflammation, oxyradicals and oxidative stress. 
There is an association between increased levels of the oxidative stress-related 
enzymes, glucose 6-phosphate dehydrogenase, superoxide dismutase (SOD) and 
heme oxygenase-1 and AD (Behl, 1999). Reactive free radicals and peroxides can be 
very toxic to cells. Reactive oxygen species have been proposed to cause neuronal 
injury in several neurological disorders and ischemic brain injury. Vitamin E, a free- 
radical scavenger, prevents neuronal death induced by Ap and has been shown to 
have some beneficial effects in AD. 

There is some evidence that the immune system plays a role in the brain inflam- 
matory process. Deposition of Ap may activate microglial cells (which aggregate 
along the plaques and tangles), which may be involved in the inflammatory 
process. In addition, an AD brain presents features typical of chronic neuroin- 
flammation, such as astrocytosis, microglial, oxygen-free radicals, nitrogen species 
and products of activation of the complement system (The Neuroinflammation 
Working Group, 2000). The inflammatory reaction is localized mainly in the 
periplaque area and potentially contributes to neurodegeneration through imbal- 
ance of the levels of pro- and anti-inflammatory mediators. Region-specific imbal- 
ance of neurotrophin, which supports the survival, differentiation and mainte- 
nance of neurons, is likely to be another factor contributing to the degeneration of 
specific neurons in the hippocampal and cortical area (Leturman et al., 2000). 
Consistent with this hypothesis is the observation that inflammatory cytokines are 
linked to the clinical progression of AD, and anti-inflammatory drugs can enhance 
cognitive performance. 




42 



Chapter 3 



3.7.1 Neuroinflammation 

A complex relationship seems to exist between Ap deposition and the Ap-induced 
inflammatory response. Because Ap accumulation appears to trigger inflammation, 
factors that either promote or inhibit Ap aggregation would be expected to similar- 
ly affect inflammation. If once triggered, the inflammatory response could result in 
removal of Ap aggregates, which could prevent the harmful effects of chronic Ap 
accumulation. Alternatively, if the inflammatory response does not clear the aggre- 
gated Ap, a chronic inflammatory condition is likely to result. This chronic inflam- 
mation will probably damage the CNS. In developing pharmacological strategies 
directed at Ap, it is important to know whether Ap is neurotoxic, whether it is pro- 
or anti-inflammatory and whether it is up-regulated during inflammation. As Ap 
interacts with many other molecules, unambiguous answers to these questions are 
difficult to obtain. 



3.7.2 Oxidative stress 

There is increasing evidence that free radical-induced oxidative damage plays a role 
in the pathogenesis of AD. Free radicals are reactive oxygen compounds that may 
attack and damage lipids, proteins and DNA. The brain is especially sensitive to 
oxidative damage because of its high content of readily oxidized fatty acids, high use 
of oxygen and low levels of antioxidants. 

Evidence suggests that brain tissue in patients with AD is exposed to oxidative 
stress during the course of the disease. Oxidative stress is characterized by an imbal- 
ance in radical production and antioxidative defense. The latter is considered to 
have a major role in the process of age-related neurodegeneration. For example, 
increased levels of DNA strand breaks have been found in AD (Stadelmann et al., 
1998). They were initially considered to be a part of apoptosis but it is now accept- 
ed that oxidative damage is responsible for DNA strand breaks and this is consis- 
tent with the increased free carbonyls in the nuclei of neurons and glia in AD. The 
induction of heme oxygenase- 1, an antioxidant enzyme involved in the conversion 
of heme to bilirubin, is increased in AD brains. This augmentation is tightly corre- 
lated with NFTs that contain adducts of malondialdehyde and 4-hydroxy-2-none- 
nal (HNE), the most highly reactive lipid peroxidation product (Smith et al., 1996). 

In addition to HNE, advanced glycation endproducts (AGEs), a sugar-derived 
non-enzymatic posttranslational modification of long-lived proteins, is also a potent 
neurotoxin. AGE accumulation has been shown in SPs in different cortical areas and 
some glial cells of AD brain. Long-lived protein deposits such as p-amyloid plaques 
with bound transition metals create an ideal chemical environment for the forma- 
tion of AGEs (Loske et al., 2000). 

A further reason for oxidative stress is caused by imbalance among the radical 
detoxifying enzymes in AD. The ratio of SOD to catalase decreases, leading to a 
buildup of hydrogen peroxide, which is particularly dangerous in the presence of 
free iron due to hydroxyl radical formation (Gsell et al., 1995). 
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3.8 A(3 and endoplasmic reticulum-associated binding protein 

Recent evidence suggests that A(3 binds an intracellular polypeptide known as endo- 
plasmic reticulum-associated binding protein (ERAB) which is overexpressed in 
neurons affected in AD. The ERAB sequence indicates that it might be a hydroxy- 
steroid dehydrogenase or an acetoacetyl-CoA reductase. ERAB normally functions 
in cellular metabolism and biosynthesis, and these functions may be perturbed by 
A(3. By interacting with intracellular Ap, ERAB may therefore contribute to the neu- 
ronal dysfunction associated with AD. ERAB may contribute to the pathogenesis of 
AD by being an intracellular target for Ap, mediating cellular stress and, ultimate- 
ly, apoptosis due to increased amounts of Ap. 



3.9 A neurochemical marker for preclinical Alzheimer disease? 

The clinical neurochemical laboratory findings might help to identify a neurode- 
generative disease process and to define the preclinical state of the disease. By the 
time of diagnosis, probably a large percentage of the neurons at risk may be already 
degenerated (Hortnagl & Hellweg, 1997). Accordingly, specific hippocampal vol- 
ume reductions have been reported for individuals with MCI who were regarded to 
be at high risk for future AD, separating the MCI individuals from both AD and 
normal elderly (Convit et al., 1997). Against this background, biochemical findings 
that are related to the assumed progressive pathophysiological processes should be 
tested if they may be even faster and more sensitive in depicting clinically sub- 
threshold dementing disorders than neuropsychological testing. 



3.9.1 CSFtau 

The microtubule-associated protein tau is a major protein subunit of NFTs, and it 
has been shown that tau protein in AD brains is abnormally phosphorylated (Caca- 
belos, 1992; Cacabelos et al., 1993). Abnormal phosphorylation of tau protein in 
the affected neurons leads to the breakdown of the microtubule system and conse- 
quently to neuronal dysfunction and degeneration. Neuronal and synaptic degener- 
ation in the surroundings of the neuritic plaque is accompanied by neuritic sprout- 
ing and synaptic remodeling (Cacabelos et al., 1993; Samuel et al., 1994). The 
appearance of SPs containing dystrophic neurites, tau protein and abundant con- 
densed Ap deposits lead to the ultimate loss of neurons and synapses that correlate 
with the intellectual decline of AD patients (Samuel et al., 1994). 

Although elevated levels of CSF tau can also be detected in patients with other 
acute and chronic neurological diseases, including dementing disorders which 
resemble AD clinically, CSF tau assays have been reported to be useful as a predic- 
tor of progression to AD in individuals with memory impairments but who do not 
meet clinical criteria for dementia (Trojanowski et al., 1996; Mecocci et al., 1998; 
Arai et al., 1997). Because the CSF tau level did not correlate with age, duration, or 
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severity of AD, CSF tau measurement might be useful in revealing the disease in its 
preclinical phase, more than in confirming overt AD (Mecocci et ah, 1998; Arai et 
ah, 1997; Riemenschneider et ah, 1996). A recent trial that studied CSF-tau and 
CSF-Ap42 in 16 patients with MCI who at follow-up investigations 6-27 months 
later had progressed to AD with dementia showed that in comparison to aged- 
matched healthy individuals, at baseline 14/16 (88%) of MCI patients had high 
CSF-tau and/or low CSF-AfJ42 levels (Andreasen et al., 1999). AD is associated with 
a significant increase in CSF tau levels and a significant decrease in CSF Apl-42 lev- 
els (Sunderland et al., 2003). These differences are found in patients with mild AD 
as well as in patients with moderate to severe AD. While these CSF measures may 
have a potential clinical utility as biomarkers of disease, future studies should 
address the usefulness of these CSF measures for predictive, diagnostic or treatment 
purposes for AD. 



3.9.2 CSF cytokines 

Whereas some conflicting results have been reported for CSF levels of cytokines in 
AD, CSF microglial antibodies are usually found in early stages of AD, suggesting 
that microglial antibodies could be of value in detecting neurodegenerative process- 
es before the onset of dementia (McRae et al., 1993). Further studies including fol- 
low-up studies with neuropathological examinations are still needed to confirm 
whether these assays are in fact useful, i.e., specific and sensitive as biomarkers for 
early, subthreshold dementing disorders. 

It also appears that the strongest biochemical predictor to indicate patients who 
were more likely to progress to AD was their Apo E status (Petersen et al., 1997). 



3.9.3 Choline acetyl transferase activity 

A study examined the presynaptic cholinergic marker choline acetyltransferase 
(ChAT) in the brains of individuals with no cognitive impairment, with MCI and 
individuals with mild to moderate AD (DeKosky et al., 2002). In patients with MCI 
and mild to moderate AD, ChAT levels generally were not different from those found 
in nondemented aging subjects. The surprising exception was elevated ChAT activi- 
ty (suggesting up-regulation of cholinergic systems) in the frontal cortex and hip- 
pocampus of individuals with MCI. This study suggests that cholinergic systems may 
be up-regulated in MCI individuals. The loss of this apparent compensatory response 
may mark the conversion of MCI to diagnosable AD and hence could be a thera- 
peutic target. In addition to involvement of the cholinergic system, MCI individuals 
share other features of AD (memory impairment, increased frequency of the Apo E4 
allele, medial temporal atrophy and cerebral metabolic abnormalities) (Morris & 
Price, 2001). Amnestic MCI individuals progress to more overt AD at an accelerat- 
ed and predictable rate and the neuropathology of amnestic MCI overwhelmingly is 
that of AD (Petersen et al., 1999; Morris et al., 2001; Kordower et al., 2001). 
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3.9.4 Isoprostanes 

Isoprostanes, sensitive and specific markers of in vivo lipid peroxidation, were 
observed to be increased in CSF, blood and urine of patients with a clinical diagno- 
sis of AD (Pratico, 1999). These levels were highly correlated with other biomark- 
ers of AD pathology and with the severity of the disease (Pratico et al., 2000). A 
recent study that investigated levels of this biomarker in subjects with MCI report- 
ed significantly higher 8, 12-iso-iPF 2a -VI levels in cerebrospinal fluid, plasma and 
urine of subjects with MCI compared with cognitively normal elderly subjects 
(Pratico et al., 2002). These data suggest that individuals with MCI have increased 
brain oxidative damage before the onset of symptomatic dementia. Therefore, mea- 
surement of this isoprostane may identify a subgroup of patients with MCI with 
increased lipid peroxidation who are at increased risk to progress to symptomatic 
AD. 



3.9.5 Calcium 

Calcium ions act as messenger molecules in many tissues and organs regulating a 
variety of important cellular events, i.e. cell metabolism, gene expression, pro- 
grammed cell death, signal transduction, neurotransmission and others. Several 
lines of evidence point to disturbances of calcium signaling in the aging human brain 
and in neurodegenerative diseases (Heizmann & Braun, 1992; Peterson, 1992). In 
AD brains, the intracellular immunostaining for neuronal calcium sensor proteins, 
visinin-like proteins (VILIP)-l and -3, was reduced in comparison to controls (Brau- 
newell et al., 2001). It is conceivable that VILIP-1 is involved in the pathologic 
changes either by affecting trk expression or being itself affected by a changed trk 
expression. Further studies are required to elucidate the signal cascades from calci- 
um to neurotrophins in AD. 



3.10 Serum anti-amyloid peptide antibodies 

The appearance of amyloid deposits is thought to depend on impaired clearance 
catabolism of Ap peptides (Selkoe, 2001). It has been thought that anti Ap anti- 
bodies act directly on cerebral plaques (Bard et al., 2000). However, it now appears 
that antibody-mediated clearance of Ap peptides in the periphery can also reduce 
cerebral amyloid deposits (DeMattos et al., 2001). 

A possible role of autoimmunity in the pathogenesis of AD has also been 
explored (Singh, 1997). There is evidence that cerebral amyloid deposits are linked 
to an immunodeficient response to peptides (Ap) derived from APP (Du et al., 
2001). The level of anti-Ap peptide antibodies in patients with AD is decreased in 
CSF, although the level of total anti-Ap peptide antibodies were reported by anoth- 
er group to be comparable in plasma from AD patients and age-matched control 
subjects (Hyman et al., 2001). It appears that AD patients have a specific defect that 
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leads to a lower serum level of IgG anti-Ap42 antibodies and not the age-associat- 
ed generalized decline in immune responses or increase in polyclonal, autoreactive 
IgM antibodies (Selkoe, 2001). 



3.11 Discussion 

In addition to the cholinergic deficit, loss of several other neurotransmitter systems 
has been reported in AD, including norepinephrine, dopamine and serotonin. This 
therefore provides other opportunities for therapeutic intervention, either alone or 
in combination with compounds acting on the cholinergic system. The numerous 
subtypes of 5-HT receptor that have been described allow a variety of ways in which 
serotonergic compounds might affect cognition (Hoyer et al., 1994). 

Increased sAPP release from different cell types has been shown to occur after 
stimulation of m 1 and m 3 muscarinic ACh receptors, serotonergic 5-HT 2a and 
5 HT 2c or mGluR (Farber et al., 1995; Nitsch et al., 1992; 1996; 1997). In addition, 
stimulation of epidermal growth factor receptor or neuropeptide receptors, such as 
vasopressin and bradykinin receptors, also increases the release of sAPP into the 
media of cell cultures (Nitsch et al., 1998). Most of these cell surface receptors are 
coupled to G proteins and act through the phospholipase C/protein kinase C (PKC) 
pathway, thus suggesting that sAPP release from the cell depends on PKC activation. 

A high titer of anti-Ap42 antibodies may protect humans from AD. The titer of 
anti-Ap42 antibodies in serum from individuals with and without late onset AD was 
assessed using an ELISA (Weksler et al., 2002). The titer of Ig (IgM, IgG and IgA) 
and IgG anti-Ap42 peptide antibodies was significantly higher in serum from elder- 
ly controls than in AD patients. Furthermore, IgG but not Ig anti-Ap42 antibodies 
distinguished sera from AD patients and elderly controls that did not have the Apo 
E4 allele. The lower titer of serum anti-Ap42 peptide antibodies in AD patients may 
reflect the reported specific impairment of helper T cell activity for B cells that pro- 
duce anti-Ap42 peptide antibodies in APP-transgenic mice. 




Chapter 4 

Molecular genetics of Alzheimer disease 



4.1 Introduction 

AD is a multifactorial disease implicating interactions between environmental and 
genetic factors. However, there are various genetic defects that may predispose an 
individual to AD. AD cases can be divided into familial and sporadic cases as well 
as early onset (EOAD: < 65 years) and late onset (LOAD: > 65 years) (see Table 4.1). 
Familial AD (FAD) cases are rare, comprising only 5-10% of all cases. Mutations 
in several genes have been described as causes of AD: the PS1 gene in chromosome 
14, the PS2 gene in chromosome 1, and the APP in chromosome 21 (Sherrington et 
al., 1995; Levy-Lahad et al., 1995; Goate et al., 1991). All known mutations that 
predispose a person to EOAD either increase the overall level of Ap production or 
increase the ratio of Ap42 to Ap40 (Suzuki et al., 1994; Borchelt et al., 1996). 

To date, the only recognized risk factor for the most common forms of AD- 
defined as sporadic or complex (i.e., without obvious Mendelian inheritance) is the 
Apo E gene on chromosome 19 (Strittmatter et al., 1993). This gene exists as three 
major alleles in the general population: e2, e3 and e4 resulting from amino substi- 
tutions (Arg and Cys) at positions 112 and 158 of the protein. It is now well recog- 
nized that carrying an e4 allele increases the risk for AD in an allele dose-dependent 
manner and is associated with an earlier age of onset of the disease (Corder et al., 
1993). Conversely, bearing an e2 allele confers protection against the disease 
(Corder et al., 1994; Chartier-Harlin et al., 1994). Thus, Apo E genotype appears 
to be an important biologic marker for AD susceptibility accounting for between 45 
and 60% of AD variability (Farrer et al., 1997). However, possession of the e4 allele 
is not sufficient to develop the disease because as many as 50% of individuals who 
have two copies of e4 and survive to age 80 years are not cognitively impaired. It 
has been suggested that other environmental determinants such as serious head 
injury, smoking and cholesterol level may modify the Apo E-related risk (Mayeux et 
al., 1995; Van Duijn et al., 1995; Jarvik et al., 1995). While severe head trauma and 
lower educational achievement seem to increase the risk for AD, other factors may 
be protective. Unproved but possible protective factors include use of the non- 
steroidal anti-inflammatory drugs, postmenopausal estrogen in women, anti-oxi- 
dant vitamins and cholesterol-lowering statin drugs, low fat diets and aerobic con- 
ditioning (Small, 2002). 

FAD refers to families that have more than one case of AD and usually implies 
multiple affected persons in more than one generation. Early-onset FAD refers to 
those families in which the age of onset is consistently before the age of 60-65 years 
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and often before age 55 (Levy-Lahad and Bird 1996). EOAD is mostly an inherited 
dominant disorder. Although causes of sporadic AD, the most common form, are 
not yet understood, three genes have been found to play an important role in famil- 
ial autosomal dominant early onset AD which is a relatively infrequent but devas- 
tating form of the disorder (Selkoe, 2001). On each of these chromosomes is a 
mutated gene, in other words, an autosomal-dominant gene that will likely produce 
an abnormal and potentially harmful protein and thereby cause AD in the patient, 
p-amyloid peptide, the primary component of the SPs unique to the brains of AD 
patients, is produced from a larger protein, p-amyloid precursor protein (BAPP). A 
mutated gene on chromosome 21, found in a small number of families with AD, is 
responsible for an abnormal form of BAPP (Motter et al. 1995). There is a high inci- 
dence of AD in families that carry PS2 (Roses, 1995). Mutations in genes of BAPP 
and PS1 and PS2 have been shown to segregate in familial autosomal dominant 
EOAD cases (Yasuda et al., 1999; Dermaut et al., 1999). Mutations in BAPP (chro- 
mosome 21) and PS2 (chromosome 1) are believed to account for less than 1% of 
all cases, whereas mutations in PS1 (chromosome 14) may account for more than 
40% of early onset cases of FAD (Campion et al., 1999). 

Thus the various risk factors associated with AD that have been described are 
the presence of variants of Apo E on chromosome 19, a-antichymotrypsin, the LDL 
receptor, butyrylcholinesterase K, A2M, and a subunit of the a-ketoglutarate dehy- 
drogenase complex (Okuizumi et al., 1995; Lehmann et al., 1997; Blaker et al., 
1998). 

4.2 Early onset Alzheimer disease 

The PS1, PS2 and APP genes have been found to cause familial EOAD whereas the 
Apo E gene and other risk factors are involved in sporadic or familial AD with dif- 
ferent ages of onset. PS1 gene mutations are involved in 18-50% of the autosomal 
dominant EOAD cases (Sherrington et al., 1995). A novel missense mutation 
(Leul66Arg) at an atypical site associated with EOAD (range, 32-44 years) has been 
identified in a Spanish family (Ezquerra et al., 2000). Exon 6, corresponding to 
TMIII and part of hydrophilic loop II, was not considered a cluster of mutations, 
where initially only amino acid position 163 had been found to be mutated (Sher- 
rington et al., 1995). However, two additional novel mutations have been found in 
this exon: Serl69Pro and Leul71Pro (Ezquerra et al., 1999; Ramirez-Duenas et al., 
1998). Thus, together with the reported Leul66Arg mutation, at least four differ- 
ent mutated positions have been described in exon 6. 



4.2.1 PS1 gene 

Testing for PS1 mutations is available clinically and detects 20-70% of cases with 
early onset FAD (Campion et al 1999). More than 40 mutations that result in early 
onset FAD have been described in more than 50 families (AD Collaborative Group 
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1995; Campion et al 1995; Cruts et al 1998; Poorkaj et al 1998). All mutations 
except for one are missense mutations. The single exception is a mutation destroying 
a splice site in which exon 9 is lost but the reading frame is unaltered and the pro- 
tein is predicted to be 29 amino acids shorter. At least nine mutations occur in a 
cytosolic domain between transmembrane domains 6 and 7 and the rest of the muta- 
tions are within the other hydrophobic domains or immediately at the hydrophilic/ 
hydrophobic junctions, especially of transmembrane domain 2. The relative fre- 
quency of mutations in the cytosolic domain that is encoded by the alternatively 
spliced exon 8 suggests that this region of the protein is functionally important. 



4.2.2 PS2 gene 

Mutations in PS2 have only been found in a few families, most of which are of Volga 
German ancestry living in the United States (Bird et al 1988), Italian kindred 
(Rogaev et al 1995), and a Spanish patient (Beyer et al 1998). Testing for PS2 gene 
mutations is available on a research basis only. Thus far, two mutations in the PS2 
gene resulting in generally early-onset FAD, but with a relatively broad range of 
onset age, have been described. A single mutation (Asnl41Ile) has been found in 
several Volga German FAD pedigrees, confirming the founder effect in this popula- 
tion (Levy-Lahad et al 1995). 



4.2.3 APP gene 

The APP is a type I transmembrane glycoprotein containing a large extracytoplas- 
mic region, a transmembrane domain and a small cytoplasmic tail. There are sever- 
al isoforms composed of 672 to 714 amino acids derived by alternative splicing of 
a single gene on chromosome 21. A(3 and associated pathogenic peptides are 
released from APP through the proteolytic actions of a-, p-, and y-secretases. 

Mutations in the APP gene account for 5-20% of cases of early-onset FAD 
(Lendon et al., 1997). The first FAD mutation to be identified was APP-692, caus- 
ing a variant form of AD with prominent congophilic angiopathy. Then the more 
common (“London”) codon V717I mutation was found. Cells expressing APP with 
substitutions of the Val residue at codon 717 secrete a higher proportion of Ap42 
relative to cells that express wild-type APP. Additional FAD-linked APP mutations 
have been reported. APP harboring a double mutation at codons 670 and 671 that 
results in a Lys-Met to Asn-Leu substitution proximal to the b-secretase site (APP 
(Swe), the “Swedish” mutation) is subject to processing in a manner that results in 
elevated secretion of both Ap40 and Ap42 peptides. Most of the FAD mutations 
influence APP processing in a manner that elevates production of the more amy- 
loidogenic Ap42 peptides. However, it is unknown whether the mutations have any 
effect on the normal function of p-APP. The deposition of Ap42 in the neural 
parenchyma occurs early, and this species predominates in mature plaques. Signifi- 
cantly, Ap42 appears to be more toxic to neurons but the mechanisms of Ap fibril- 




50 



Chapter 4 



Table 4.1: Genes involved in AD 



Type of AD 


Chromosomal 

localization 


Mutant gene 
product or 
genetic 
susceptibility 


Primary pathway 
leading to 
degeneration 


Clinical features 


Early onset 


21 q21 .2 


APP 


Increased total Ap 


Aggressive, rapidly 


(< 65 years 






production: 


advancing disease 


old, -1-3% 






T ratio of Ap42: 


(duration less than 


of all AD 






AP40. 


7 years), often 










with abnormal 










movements. 




14q24.31q41 


PS1 , PS2 


PS mutations may 


Chromosome 1 








directly affect y- 


(PS2): linked to 








secretase activity, 


the Volga German 








resulting in T Ap42:40 


pedigrees. 








ratio. 




Late onset 


19q13.2 


Apo E 


The e2,3, 4 alleles may 


More indolent pro- 


(Most 






interact differentially 


gression of disease 


common 






with Ap, and thereby 


(duration greater 


form) 






affect toxicity or 


than 10 years) 








clearance from the brain. 




12p 


oc2M 


May interact with 






12 


LRP 


extracellular clearance of 








Ap through LRP 





logenesis/toxicity are not well understood. Mutations at codons 692 and 693, cor- 
responding to the a-secretase site, lead to decreased cleavage by this enzyme and evi- 
dently more flux down the p- and y-secretase pathway, resulting in a higher pro- 
duction of Ap. Diverse mutations at the b-secretase site lead to increased cleavage 
by this enzyme and excess Ap production. Mutations at and around the y-secretase 
site lead to increased production of the Ap 42 (Lichtenthaler et al., 1999). 

Testing for these APP mutations is available on a research basis only. The most 
common APP mutation is a substitution of isoleucine for valine at codon 717 
(Goate et al 1991). Substitutions of phenylalanine and glycine may also occur at 
this codon. Each of these mutations results in early onset FAD. A double mutation 
at codons 670 and 671 in exon 16 also results in early onset FAD (so-called 
Swedish mutation; Axelman et al 1994). Combined cerebral hemorrhage and pre- 
sence dementia have been caused by a mutation in codon 692 with substitution of 
glycine for alanine. A substitution of glutamine for glutamic acid at codon 693 
results in cerebral hemorrhagic amyloidosis of the Dutch type, a disease in which 
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dementia and brain amyloid plaques are uncommon. Transgenic mice containing 
some of these mutations have been produced. 



4.2.4 Interleukin genes 

CPPs in the IL-1 genes (IL-1A and IL-1B) are reported to be associated with 
increased risk not only for AD but for EOAD in particular (Grimaldi et al., 2000; 
Nicoll et al., 2000). IL-1 is a pro-inflammatory cytokine that in AD brain is marked- 
ly overexpressed in microglia. Some forms of IL-1 have been reported to carry func- 
tional consequences. For example, homozygosity for allele 2 of IL-1B (at position 
+3953) has been associated with a four-fold increase in production of the cytokine 
(Pociot et al., 1992). Homozygosity for the IL-1A*2 (T)-allele at position -889 in 
the promoter region of the gene conferred a three-fold increased risk for AD (Nicoll 
et al., 2000). Together, these findings strongly suggest that inheritance of these IL-1 
polymorphisms confers increased risk for AD. The IL-1 A and IL-1B polymorphisms 
associated with AD may directly operate as the pathogenic variants, perhaps as by 
increasing the amount of cytokine-mediated inflammation in the brain. A recent 
study reported that IL-1A 2,2 genotype is noted in 12.9% of 232 neuropathologi- 
cally confirmed AD patients and 6.6% of 167 controls (Nicoll et al., 2000). 
Homozygosity for both allele 2 of IL-1 A and allele 2 of IL-1B conferred even greater 
risk (odds ratio, 10.8). IL-1 genotypes may confer risk for AD through IL-1 over- 
expression and IL-1 -driven neurodegenerative cascades. These findings also suggest 
that risk for both LOAD and EOAD may be associated with susceptibility genes 
that affect the inflammatory cascade in the disease progress. Consequently, anti- 
inflammatory therapies and especially ones aimed at modulating IL-1 -mediated 
(and other inflammatory cytokine-mediated) inflammation may prove to be useful 
in treating and preventing AD. 

Another inflammatory cytokine, IL-6, has been reported to affect the age of 
onset of AD (Papassotiropoulos et al., 1999). Several studies have reported that the 
C allele of IL-6 variable number of tandem repeat polymorphism (IL-6vntr) delayed 
initial onset of AD and also decreased its risk per se (Shibata et al., 2002). Another 
polymorphism, G/C allele of IL-6 gene promoter region (IL-6prom), is also a candi- 
date because it has an influence on the regulation of plasma IL-6 concentration. 
Recent findings suggest that the IL-6prom G allele might be a risk factor for spo- 
radic AD in Japanese (Shibata et al., 2002). 



4.3 Late-onset Alzheimer disease 

The origins, genetic and other, of LOAD are much more poorly known, probably 
because this form of AD is heterogeneous and hence does not follow simple 
Mendelian inheritance patterns. Not only are multiple gene mutations involved, but 
they probably act interdependently and in interaction with environmental factors as 
well as such factors as age, sex, other susceptibility genes and head trauma. 
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A number of risk factors have been identified that are associated with late-onset 
disease. The most significant one is Apo E4 that occurs in 35-40% of AD (Saunders 
et al., Strittmatter et al., 1993). Apo Cl A also occurs in 35-40% of patients. Apo 
E4 and Apo Cl A are in linkage disequilibrium and are found on chromosome 19 
(Poduslo et al., 1995; 1998). There is broad consensus among scientists that, at pre- 
sent, the predictive value of the Apo E genotyping for asymptomatic individuals is 
extremely limited. 



4.3.1 Apo E gene 

The Apo E gene at 19ql3.2 has three common alleles and is involved in lipid trans- 
port. It is a polymorphic lipoprotein involved in the transmembrane transport of 
cholesterol. Apo E is thought to play an important role in neuronal growth and in 
the central nervous system response to injury, particularly in the hippocampal 
region (Poirier et al., 1994). These alleles, Apo E2, Apo E3 and Apo E4, influence 
lipid levels. Apo E is also involved in the mobilization and redistribution of choles- 
terol and phospholipids during the membrane remodeling associated with synaptic 
plasticity (Poirier et al., 1991; 1993). Apo E4 carriers show reduced Apo E levels in 
the hippocampus and cortex as compared to normal controls and Apo E2/3 AD 
patients (Bertrand et al., 1995). Thus, it is possible that lowered Apo E levels in the 
brain and in the CSF of AD patients will lead to reduced transportation or home- 
ostasis of lipids and other membrane components which consequentially will con- 
stitute the ground for impaired synaptic plasticity (Poirier et al., 1995). 

The effect of Apo E on susceptibility has been confirmed in multiple racial 
groups and in numerous studies. Subsequent analyses showed that the E4 allele acts 
in a dose-related manner to increase risk and decrease age of onset both in late-onset 
familial and in sporadic AD, and in early-onset sporadic AD, so that those with two 
E4 alleles are at greatest risk. Apo E4 promotes the early appearance of A(3 and 
NFTs in the elderly. Apo E also forms a tight complex with Ap in the extracellular 
space (Russo et al., 1998). The pathophysiological changes associated with inheri- 
tance of Apo E4 in AD have not been fully elucidated but have been suggested to be 
attributable to decreased activity in the cholinergic system (Allen et al., 1997; Poiri- 
er et al., 1995). However, some other studies have found no relation between Apo 
E4 and the cholinergic system (Anderson & Higgins, 1997; Corey-Bloom et al., 
2000). 

4.3.2 Alpha-2 macroglobulin 

The A2M gene has two polymorphisms that, in some studies, have been associated 
with AD. A 5-base-pair (bp) deletion at the 5’ splice site of exon 18 was found to 
be associated with the disease in the families from National Institute of Mental 
Health (NIMH) Genetics Initiative AD sample (Blacker et al., 1998). The analysis 
was based on affected probands versus, unaffected sibs. The second polymorphism 
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(a variant Val-Ile in exon 24) was increased in the NIMH samples combined with 
samples from the Massachusetts Memory Disorder Unit and from a European con- 
sortium (Poller et al., 1992; Liao et ah, 1998). These data suggested that polymor- 
phisms in the A2M gene may contribute to the risk for AD. However, a recent study 
does not support the A2M polymorphisms as a risk factor for AD (Poduslo et al., 
2002). Using association studies and sib transmission/disequilibrium tests, no asso- 
ciation of the two polymorphisms with AD was noted. 



4.4 Tau immunoreactivities 

The gene for tau is located at 17q21-22. Abnormally phosphorylated tau aggregates 
to form PHF and straight filaments, within NFTs and in dystrophic neurites. In con- 
trast to AD, frontotemporal dementia with parkinsonism, chromosome 17 type 
(FTDP-17), a recently defined disease entity, is clinically characterized by disturbed 
executive function, personality changes, bradykinesia and rigidity (Hutton et al., 
1998). Several mutations in the tau gene have now been linked to FTDP-17. The 
effect of these mutations is to lower the affinity of tau for tubulin, and to allow the 
4-repeat isoform to accumulate. In AD, however, only hyperphosphorylated forms 
of tau are found, and presumably are a consequence of the toxic effect of Afh 



4.5 Genetic testing for Alzheimer disease susceptibility 

Discovery of the Apo E gene as a major risk for AD has opened doors for many new 
lines of research. It has led to epidemiological studies showing that the age of onset 
can vary by as much as 20 years, depending on which form of the gene a person car- 
ries. Finding the relationship between Apo E and AD provides a crucial biologic 
marker for epidemiological studies. Another important challenge is to use this genet- 
ic information to devise new and more effective interventions. 

Genetic testing for two of the genes, Apo E and PS1, is commercially available. 
People who have a certain allele of Apo E are more likely to develop AD than are 
those who have other alleles of Apo E. However, it is important to note that there 
are people who carry the “susceptibility” allele who will never develop AD and con- 
versely, individuals without the allele who will develop AD. Genetic testing for 
Apo E is currently limited to diagnostic testing for people who have symptoms of 
dementia. Carrying a mutation in PS1, on the other hand, confers near certainty of 
developing AD. However, mutations in PS1 are found in only a small fraction of all 
AD cases (Lendon et al., 1997). Thus, while the predictive value is high, the useful- 
ness of this test for most people is limited. A vast majority of the people who devel- 
op AD would test negative for PS1 mutations. Diagnostic and predictive testing for 
PS1 is currently available (Tobin et al., 1999). Probably, additional kinds of predic- 
tive testing will become available in the future. 

Although the relative risk of AD is increased with the presence of one or two 
Apo E4 alleles, it is not possible to predict whether or when disease will develop in 
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a cognitively intact person (Roses, 1995). It is quite possible for someone with the 
Apo E3/4 genotype to live more than 100 years without the disease and for a sig- 
nificant proportion of people with the Apo E2/3 genotype to have onset before 90 
years of age. 



4.5.1 Ethnic and racial differences 

Apo E4/4 homozygotes, constituting approximately 2% of the general population, 
have the greatest risk of AD. However, there are differences in the prevalence of 
each genotype in various ethnic and racial groups (Farrer et al., 1997). In Japan, 
most of the Apo E4-bearing AD patients have the Apo E3/4 genotype. Consequent- 
ly, there are fewer Japanese patients with disease onset before the age of 70 years. 
Another example comes from Finland where the Apo E4 allele frequency in the gen- 
eral population is quite high, namely 22%. Age-matched controls for the AD cases 
in the population had an allele frequency of only 16.5%. The high incidence of fatal 
myocardial infarction in Finland contributed to the attrition of many Apo E4-bear- 
ers before the age of risk for AD. 

The association of Apo E4 and AD in African-Americans and Hispanics 
remains controversial and may be absent in a sample of Nigerian AD cases and 
controls. Both the frequency of the E4 allele and the strength of the association 
between Apo E and AD vary in people from different ethnic and cultural back- 
grounds (Farrer et al., 1997; Tang et al., 1998). Age possibly also influences the 
association (Blacker et al., 1997; Combarros et al., 1998). These differences have 
significant implications for the clinical application of Apo E genotyping and 
requires further investigation if genetic test results are to be interpreted accurate- 
ly in heterogeneous populations. 



4.6 Discussion 

Since the above mutations account for less than 7% of AD cases and most AD cases 
are of late onset and sporadic, additional genes are likely to play roles in AD (Daw 
et al., 2000). In this respect, it is interesting to note that genetic polymorphism in 
the promoter region of the phenylethanolamine N-methyltransferase gene is associ- 
ated with early but not late onset AD (Mann et al., 2001). The role of PS1 protein 
in AD remains unclear, but it is proposed that it acts through a gain of function or 
through dominant loss of function. Detection of Leul66Arg mutation in exon 6, 
together with the mutations found in PS1 protein positions 163, 169 and 171, sug- 
gests that this site of the PS1 protein should be reassessed as an additional cluster of 
pathogenic mutations. Subsequent to the discovery of linkage of some EOAD fam- 
ilies to chromosome 21, further molecular biological research in AD identified a 
locus on chromosome 14 as being responsible in about 70% of early-onset families. 
However, the discovery that neither the chromosome 21 or 14 loci were linked to 
AD in the Volga German families suggested the presence of another locus. This link- 
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age led to the identification of chromosome 14 gene (PS1) and the Volga German 
locus on chromosome 1 (PS2) (Sherrington et al., 1995). 

Mutations in PS1 are the most common cause of FAD; mutations in the PS2 gene 
are a rare observation. More than 50 missense mutations have been identified in 
PS1, and these mutations account for up to 25-30% of early cases of FAD. All 
mutations represent a toxic gain-of-function. Many of these mutations occur with- 
in transmembrane domains or immediately adjacent to the predicted cytoplasmic 
loop domain. The most provocative insights pertaining to the mechanisms by which 
mutant PS1 causes AD emerged initially from studies of the conditioned medium 
from fibroblasts or the plasma from affected members of pedigrees with PS1/PS2- 
linked mutations. Surprisingly, FAD-linked PS1/PS2 variants influence processing at 
the y-secretase site and may cause AD by increasing the extracellular concentration 
of highly amyloidogenic A|342 species, thus fostering A(3 deposition in the brain 
(Sheuner et al., 1996). The age of onset of AD in families harboring PS1 mutations 
is quite young, ranging from 30-60 years, whereas the age of onset in cases with PS2 
mutations is somewhat older (55-70 years). Thus mutations in APP, PS1 and PS2 
cause AD and may, therefore, illuminate a pathway for the development of thera- 
peutic targets. A study designed to determine the prevalence of EOAD and of auto- 
somal dominant forms of EOAD in the city of Rouen in France showed that PS1 
and APP mutations account for 71% of autosomal dominant forms of EOAD fam- 
ilies (Campion et al., 1999). Nonpenetrance at age < 61 years is probably infrequent 
for PS1 or APP mutations. 

Even if cures for AD are not now available, professional counseling for persons 
at risk and their families exists and often is beneficial to them psychologically and 
otherwise. Genetic test results that inform individuals of their enhanced risk for 
EOAD may increase the probability that they will seek out such counseling. Final- 
ly, some individuals may use genetic information regarding their own future propen- 
sity to be afflicted with EOAD to make reproductive decisions. This is both because 
they fear that their own severe disability relatively early in life would jeopardize the 
welfare of offspring they would be raising and to spare potential offspring of a life 
spent in the shadow of probably developing EOAD themselves. Individuals in this 
category may choose to protect against pregnancy by using contraception or even to 
abort fetuses that come into being. 

A recent study that used a covariate-based linkage method to reanalyze genome 
scans from affected sibships collected by the Alzheimer disease Genetics Initiative of 
the National Institute of Mental Health reported that the families with AD that have 
the oldest current age and no Apo E alleles exhibit linkage to APP (Olson et al., 
2002). An increase in the LOD score from 0.4 to 5.54 after current age as a covari- 
ate in the linkage model was noted. These data suggest the existence of a genetical- 
ly identifiable subtype of LOAD limited to the most elderly and characterized by 
joint linkage to 21p and 20p. The development and rate of progression of AD in 
such families requires the presence of high-risk alleles at both genes that likely inter- 
act biologically to increase the risk. However, such data are exploratory and need 
confirmation. Probably there are still undiscovered genes responsible for a predis- 
position to AD as there are several families whose AD genotype does not link to any 
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of the five known AD-associated genes (PS1, PS2, APP, Apo E4, A2M). More 
research is required on the inheritance of AD in Western and non-Western popula- 
tions. For example, some studies indicate that the Apo E4 genotype is not associat- 
ed with AD among the Yoruba or East Africans (Osuntokun et ah, 1995; Ogeng”o 
et al., 1996). It would be of interest to determine if the underrepresentation of the 
Apo E4 allele or the lack of its association with AD in a given population is corre- 
lated with overrepresentation of the Apo E2 allele in the same population. Com- 
parative research should also focus on the distribution of other polymorphisms that 
have been claimed to serve as genetic risk factors for AD and the putative peripher- 
al biomarkers for this disease. 

The presence or absence of an E4 allele do not provide diagnostic certainty and 
the proper interpretation of either result in heterogeneous population requires fur- 
ther investigation. Whether Apo E genotyping provides sufficient information to 
change patient management decisions has not been determined. These tests present 
foreseeable, significant psychosocial consequences for family members that must be 
weighed against any psychosocial benefits. The diagnostic use of Apo E genotyping 
outside research settings may be premature until testing is shown to be of significant 
practical value. 

Some families have a relatively low risk of AD throughout the life span. If this is 
so, it presents opportunities to identify genes involved with a reduction of risk of 
AD. The only well-established genetic protective factor is Apo E2 but there may be 
other as yet unidentified protective alleles against AD that are present at other loci. 
The investigation of families of aged (e.g. >90 years old) nondemented probands 
may help to narrow these alternatives and aid in identifying individuals within fam- 
ilies who are more likely to carry genetic protective factors against AD. Future 
genetic studies (e.g., an unaffected sibling pair approach in which both siblings are 
required to be free of AD) aimed at identifying such genes might benefit from tar- 
geting such probands and their families. 




Chapter 5 

Promises of animal models of Alzheimer disease 



5.1 Introduction 

The hypothesis that a cholinergic deficit might be responsible for memory impair- 
ment was based on studies showing learning and memory deficits in animals and 
humans whose cholinergic system was blocked by atropine or scopolamine (Drach- 
man, 1977). Confirmation was sought by animal investigations in which the fore- 
brain cholinergic nuclei were destroyed, initially by electrolytic lesions, then by exci- 
totoxins and finally by the selective immunotoxins 192 IgG-saporin (Wenk et ah, 
1994). Intracerebroventricular (i.c.v.) injection of 192 Ig-G-saporin brings about a 
widespread degeneration of cholinergic neurons including the nucleus basalis of 
Meynert and the septum (Lin et al., 1999). The reversion of the learning and mem- 
ory deficits induced by nucleus basalis of Meynert lesions has become a classical 
preclinical test for the screening of drugs aimed to correct the cholinergic hypo- 
function in AD (see Pepeu, 2000). 

Aging animals have been and are the most common for investigating drugs 
potentially active on AD. Old mice and rats are used most frequently since they are 
easy to obtain and relatively cheap. Old monkeys have been used and remain the 
last preclinical step before clinical trials. However, there are two main limitations of 
the aging animal model. First, aging animals do not develop the neuropathological 
picture of AD. Rare plaques have been described in the monkey, but none of the 
histopathological alterations typical of AD occur in aging rodents. Second, in aging 
animals, it is relatively easy to obtain an improvement of the cholinergic hypofunc- 
tion and the cognitive deficits with drugs whose efficacy is difficult to demonstrate 
in clinical trials. This is the case of phosphatidylserine which administered to aging 
rats restores well the cholinergic hypof unction and the cognitive deficits. Unfortu- 
nately, the clinical trials have been less successful even if some therapeutic activity 
has been suggested (see Pepeu et al., 1996). 

Despite intensive efforts in both academia and industry, a fully authentic trans- 
genic mouse model of AD has not yet been created. Nevertheless, overexpression 
of A(3 in various mouse lines has produced a variety of phenotypes that, as a first 
approximation, are remarkably similar to the human AD condition (Table 5.1). 
These first generation models will undoubtedly be crafted into successive genera- 
tions in which all features of AD will be present. Even at this stage, the first gen- 
eration models are providing an assay system in which selected details of patho- 
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genesis and therapeutic intervention can be evaluated. Although these transgenic 
models are relatively recent, the models have proven to be valuable and have led 
to the development of an experimental drug to decrease amyloid burden in the 
brain (Helmuth, 2000; Marwick, 2000). 



5.2 Transgenic models of mutant human (Hu) APP with Ap deposition 

To generate animal models of A(3 amyloidogenesis and the associated lesions of 
AD, many groups have created transgenic mice that overexpress wild-type APP, 
FAD-linked APP variants or C-terminal fragments of APP. A number of transgenic 
lines with these constructs have been published (see Table 5.2). These efforts have 
resulted in three lines that recapitulate some of the key neuropathological features 
of human AD (Games et al., 1995; Hsiao et al., 1996; Sturchler-Pierrat et al., 
1997). 

5.2.1 The Games mice 

In the “Games mice”, the platelet-derived growth factor (PDGF) p-promoter was 
used to drive expression of a human APP minigene that encodes the FAD-linked 
APP (V717F) mutation in an outbred strain (Games et al., 1995). The construct con- 
tained portions of APP introns 6-8, which presumptively enhanced alternative splic- 
ing of exons 7 and 8. Levels of HuAPP mRNA and protein significantly exceeded 
levels of endogenous APP. At approximately 6-9 months of age, transgenic animals 
began to exhibit deposits of human Ap in the hippocampus, corpus callosum and 
cerebral cortex. As the animals aged (>9 months), the density of the plaques 
increased until the Ap staining pattern approached that of AD. The majority of 
plaques were intimately surrounded by glial fibrillary acidic protein (GFAP) -positive 
reactive astrocytes, and also compressed and distorted the surrounding neuropil as 
seen in the AD brain. There was also some dystrophic neuritic components and loss 
of synaptic density with regional specificity resembling that of AD. Unfortunately, 
no behavioral and cognitive assessments have yet been published. 



5.2.2 The Hsiao mice 

In a second line of “Hsiao mice”, the hamster prion protein promoter was used to 
overexpress human APP with Lys-Met to Asn-Leu (Swedish) mutations (Hu- 
APP695swe) (Hsiao et al., 1996). The brains of one of these lines (Tg2576) showed 
elevated levels of Ap40 (five-fold increase) and Ap42 (14-fold increase). There were 
some dystrophic neurites around moderate numbers of Ap deposits as plaques and 
around vessels in amygdala, hippocampus, and cortex. The Tg2576 mice showed 
impairments at a young age on several memory tests including the Morris water 
maze, a spatial reference memory task, and the Y-maze alternation task. At 3 
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months of age, these mice showed normal learning and memory in spatial reference 
and alternation tasks, but by 9-10 months, they were impaired. 



5.2.3 The Novartis mice 

In the third model the “Novartis mice”, a combination of human APP mutations 
(Swedish KM670/671 NL and the V717I) is driven by the Thy-1 promoter (Sturch- 
ler-Pierrat et al., 1997). Abundant amyloid plaques with very convincing neuritic 
changes have been described, but in the absence of typical tau-positive NFT. 

Each of the above three principal lines of transgenic models has been restricted 
in distribution to the wider research community because of commercial considera- 
tions. Hopefully this will change in the near future as better models emerge. Never- 
theless, the present three lines should be sufficient to convince all but the most res- 
olute sceptic that the APP/Ap pathway is at the center of AD. Some features of the 
disease, however, most noticeably the formation of tau containing PHF, activation 
of the complement pathway and robust clinical phenotypes have yet to be achieved. 
It also appears that the impairment of cognitive functions observed in some trans- 
genic mice is not necessarily due to the generation of Ap but might result from either 
overexpression of wild-type APP or the accumulation of Ap precursors or both. 

While the p- and y-secretases are essential for the production of Ap, a third sec- 
retase (a-secretase) is known and its activity precludes the formation of Ap due to 
cleavage within the Ap sequence (Anderson et al., 1991; Hendriks et al., 1995). To 
assess the specificity of a-secretase in AD, transgenic mouse strains expressing 
human APP/F1 and APP/Du from the neuron-specific mouse-thy-1 gene promoter 
were generated (Moechars et al., 1996). A recent study that assessed the contribu- 
tion of the APP gene of the Flemish (APP/A692G) and Dutch (APP/E693Q) model 
to the pathogenesis of AD indicated that these transgenic mice showed the same 
early behavioral disturbances and defects as the APP/London (APP V7171), 
APP/Swedish (K670N, M671L), and other APP transgenic mice (Kumar-Singh et al., 
2000). Pathological changes included intense glial reaction, extensive microspon- 
giosis in the white matter, and apoptotic neurons in select areas of the brain, while 
amyloid deposits were absent, even in mice over 18 months of age. This contrasts 
with extensive amyloid deposition in APP/London transgenic mice and less pro- 
nounced amyloid deposition in APP/Swedish transgenic mice generated in an iden- 
tical manner. It showed, however, that the behavioral deficiencies and the patholog- 
ical changes in brain resulting from an impaired neuronal function are caused direct- 
ly by APP or its proteolytic derivative. These accelerate the aging process and 
amyloid deposits per se are not necessary for this phenotype. 

Several laboratories have bred transgenic mice that produce Ap and develop 
plaques and neuron damage in their brains (see Van Leuven, 2000). Although these 
animals do not develop the widespread neuron death and severe dementia seen in 
the human disease, they are used as models for the study of AD. Production of anti- 
Ap antibodies by immunization with the fibrillar Ap of the mouse model of AD led 
to inhibition of the formation of amyloid plaques and the associated dystrophic neu- 
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Table 5.1: Cardinal pathologic features of AD and the transgenic mouse models. 





Human disease 


Transgenic mouse 
model 


1. 


Extracellular Ap amyloid plaque/ 


+ 


+ 




perivascular deposition 






2. 


Intracellular P-tau as PHF/NFT formation 


+ 


- 


3. 


Intracellular P-tau as neurites/neuritic dystrophy 


+ 


± 


4. 


Circumscribed synoptic loss and neurodegeneration 


+ 


± 


5. 


Reactive gliosis 


+ 


+ 


6. 


Widespread oxidative stress response 


+ 


+ 



ritis in the mouse brain, suggesting the feasibility of vaccination against AD (Schenk 
et al., 1999). Appropriate animal models were used to test the effects of anti-Ap anti- 
bodies on both brain damage and the cognitive losses caused by AD. Indeed, immu- 
nization with AP peptide improves learning and memory, and diminishes brain dam- 
age in animal models (Janus et al., 2000; Morgan et al., 2000). The results support 
a previously observed reduction in the formation of amyloid deposits but they go fur- 
ther to show that immunization also gave mice some protection from the spatial 
learning deficits that normally accompany plaque formation. Both groups of investi- 
gators suggest that either a small or a selective reduction of Ap deposition may be 
sufficient to protect against dementia. These findings indicate that Ap overexpression 
or Ap plaques are associated with disturbed cognitive function and importantly sug- 
gest that some but not all forms of learning and memory are suitable behavioral 
assays of the progressive cognitive deficits associated with AD-type pathologies. 



5.2.4 The CT100 mice 

Mice engineered with the C-terminal 100 residues of APP (CT100) are designed for 
the study of y-secretase and its inhibitors. Several lines are now available, with con- 
siderable variation in phenotypes (Oster-Granite et al., 1996; Li et al., 1999). None 
exhibit yet the extent of extracellular Ap deposition seen with the full-length APP 
constructs, and indeed there may be an accentuation of intracellular Ap accumula- 
tion (Li et al., 1999), suggesting that the CT100 construct is aberrantly targeted in 
the intracellular pathway. 



5.2.5 Mutant PS mice 

The preliminary analysis of mice expressing PS constructs shows that mutant PS1 
selectively increases brain Ap42, and suggests that the PS mutations probably cause 
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AD through a gain of deleterious function that increases the amount of Ap42 in the 
brain (Duff et al., 1996). However, these mice do not show AD pathologic lesions. 
This is intriguing, and suggests that overexpression of the rodent Ap sequence alone 
is insufficient for Ap amyloid aggregation and plaque/perivascular deposition. This 
interpretation is consistent with the findings from two groups that double trans- 
genics (mutated PS x Hu (APP)) result in an acceleration of cerebral Ap deposition. 
In the first study, transgenic mice were generated that express either wild-type or 
mutant PS1 (A246E) and these were crossed with mice that express a murine APP 
transgene with a “humanized” Ap domain ( Mo/Hu- APPswe) (Borchelt et al., 1997). 
In the second study, the doubly transgenic progeny were derived from a cross 
between Tg2576 line and a mutant PS1M146L transgenic line (Holcomb et al., 
1998). Both studies demonstrated that mice coexpressing mutant PS1 with mutant 
APP develop Ap deposits much earlier than age-matched controls. Thus, crossing 
mice transgenic for human APP with mice expressing a PS1 missense mutation leads 
to a substantially accelerated AD-like phenotype in the offspring, with Ap42 
plaques (first diffuse and then mature) occurring as early as 3-4 months of age (Hol- 
comb et al., 1998). 



5.2.6 Hu APP overexpression on the Apo E null background 

The effects of Apo E on amyloid deposition have been tested by mating Apo E -/ ~ 
mice with APP-V717F transgenic mice (Bales et al., 1997). At six months of age, 
APP-V717F x Apo E +/+ mice showed robust amyloid deposition, whereas APP- 
V717F x Apo E exhibited only sparse, diffuse Ap deposits. These studies suggest 
that Apo E may either directly or indirectly may influence the aggregation or influ- 
ence the clearance of Ap peptides. A full description of the kinetics of Ap biogene- 
sis, aggregation and degradation in this model is awaited with interest. 



5.2.7 Hu APP overexpression combined with oxidative stress 

In an attempt to investigate the role of oxidative stress responses in the pathogene- 
sis of AD, it is relevant that transgenic animals show the same type of oxidative 
stress responses that are found in AD and that these directly correlate with the pres- 
ence of Ap deposits (Smith et al., 1998). Several groups are now engaged in pro- 
grams in which the Hu APP transgenic lines are being modulated through the SOD- 
1 and glutathione peroxidase pathways. 



5.2.8 APP knockout mice 

Mice with functionally inactivated alleles of APP were generated by deleting its pro- 
moter and first exon (Zheng et al., 1995). The mutant animals weighed 15-20% less 
than age-matched wild-type controls. The mutant mice also showed an impaired 




62 



2 

<D 

'a> 

O' 



I ^ 

2 

o 

% 

_c 

CQ 



§0 

o 



<d 

Q 

O 

k_ 

3 

<D 

z 



Q 

< 



■§ 

o 

E 



3 

o 

E 



3 

&> 

do 

oo 

3 

Sts 



fN 

US 

JD 

s 

£ 



<T\ 



CD 

bJD 

c 

cd 

3 

I 



"O 

CD 

JD 



CD 

"O 



<J\ 

<J\ 

<J\ 



JZ 

CD 

CQ 



b 5 

O ■ 

E 

CD 

E 



li * 



“D 
C 

cd 

do 

c 

E o ’5 ^ 

<d tl Q- ~0 



"8 f 



|\ 

G\ 

G\ 



c 

>5 



"O 

CD 

_Q 



CD CJ 

—l Q_ .E 



CD 

<D "O 
N 4-» 

cd o 
E z 



T3 

O 



O cd 
to <L) 

c “5 

3 



Q_ 

cd 

c 

>s 



cd cd 



i 5 



to 

3 

Q_ 

E 

-n ^ 
!E cj 

° 2 
^ Q- 
^ n 



u o 

■■e 1 



"O 

c 
cd 

o 

O 

"db < 
E .E 



^ 2 ^ — 



'd - -Q 

rsi E 

<d- 



to o 

qj g. 

"o 

Cd _ 



■5) 2 

CJ CD 

E > 

+3 M- 

tO 

cd < 



"O 
^ 3 

cd 

CQ. _ 

< s 

•E t 

<D O 
oo <J 
cd j- 

E - E 

U CQ 

.E < 



i_ "O to 
cd C CD 
■5 Cd 3 

u V O' 
W 0 d 

5 t Q- 

■5Z O U 
0> w +3 

3 

§ Si c 
A) cd djO 
3 ° E 

o- C ‘<j 
<d ■“ c 

°-.l 1 

15 -M O 

o ■ 



-t-* 

w ‘£75 u 

£ Q ^ 
E CD ^ 

cd -o > 



_o 

"5s 

s 

cd 



3 

-3 

O 



i5l 



8 : 

<c 

3 

cd 

E 

3 

■+o 

3 

-2 

3 

5 



CD 

4— » 

o 

E 

o 

t_ 

C L 
Q_ 

t- 

Q_ 



= r^ 

CD VO 



3 

o 

E 

to 

CD 

E 

cd 

O 



3 

O 

E 

o 

cd 



o 

l\ 

VO 

CL 

CL 

< O 

V4- 1^ 

Si 

o 

IP -C 
cd ±i 

.E £ 

_Q ^ 

E - 1 
u ^ 

VJ wo 



o 

E 

E 

Q_ 



in 




G\ 


vo 


a\ 


oi 




G\ 


r 




"cd 


T 


4— » 


"cd 


CD 


4-> 


to 


CD 


CD 

E 


O 

cd 


cd 


'to 


U 


X 



-Q 

cd 

1 



> to 
+3 £ 

u _o 

cd 

<d cd 

s i 

II 



GQ '(o 

< .2 



djO 



CD 

CJ 

cd 



1 1 

^ djO 

cd E 
£ .2 
.E E 



o 

o 



u 

I 



CD CL 
oo Q_ 

^ < 

QQ ^ 



cd 

4— • 

CD 

-t-» 

2 

i_ 

2 

Q_ 



o 

3 

4— » 
C/1 



~o 

CD 

JD 



CD 

"O 



CD 

> 

4-» 

CJ 

_QJ 

CD 



C/1 

CL 



_cd 

3 

E 



c 

o 



Q_ 

X 

E 

CD 

> 

o 



8: > 



§ ^ 

§ VO 

a ^ 
■+~» ^ 
S 2 

jd — 



3 v- 
^ DO 
^ CL 

U iri 



Chapter 5 



(PDGF promoter) increases A|342 in the brain and in peripheral cells. 1997 

6. APP (Swe)+ Presenilin (PS1-A246E) A selective 41 % brain increase in AP42. 

Ap plaques develop earlier than aged-matched Not described Oster-Granite et al., 

animals that express APP (Swe) alone. 1996; Li et al., 1999 
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9. Mutant APP on Apo E Reduction of amyloid burden compared to Not described Duff et al., 1996 

knockout background Apo E wild type background. 
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neurological and muscular function (reactive gliosis, decreased locomotor activity 
and forelimb grip strength). However, since neuronal cell damage or loss in the 
brains of APP-deficient mice were not observed, the mechanisms responsible for the 
reactive gliosis in these mice could not be determined. It was postulated that the 
absence of substantial phenotypes in APP knockout mice may be related to func- 
tional redundancy provided by the homologous amyloid precursor-like protein mol- 
ecules (APLP1 and APLP2) that are expressed at high levels and have developmen- 
tal and cellular distributions similar to APP. This has now been confirmed through 
the analysis of double knockouts which showed that some combinations (e.g. APP 
x APLP2) are not viable. 

5.2.9 PS1 knockout mice 

To examine the in vivo role of PS1 in mammalian development, mice with a target- 
ed disruption of the PS1 gene were generated (Shen et al., 1997). Homozygous 
mutant mice failed to survive beyond the first 10 mins after birth. The most strik- 
ing phenotype observed in PSl _/_ embryos was a severe abnormality in the develop- 
ment of the axial skeleton and ribs. Fibroblast cultures established from these 
embryos revealed a remarkable phenomenon: these cells accumulate the C-terminal 
fragments of APP, suggesting that the PS molecules play a direct or indirect role in 
the activity of y-secretase (De Strooper et al., 1998). It may yet transpire that PS 
forms a direct complex linking y-secretase directly to APP, and thereby provide an 
elegant solution to the effect of PS mutations on A(3 40/42 processing. 



5.3 Immunization with A(3 

Active immunization can prevent or reverse both amyloid deposition and the asso- 
ciated memory impairment in transgenic mouse models of AD (Janus et al., 2000; 
Morgan et al., 2000). Passive immunization, consisting of prolonged treatment 
with monoclonal or polyclonal anti-Ap antibodies can prevent the development of 
amyloid deposits in platelet-derived amyloid precursor protein (PD APP) mice (Bard 
et al., 2000; DeMattos et al., 2001). Researchers have used APP transgenic mice as 
animal models to investigate the effect of immunization with Ap42 at early ages 
(Schenk et al., 1999). After 13 months, the immunized mice did not display any 
neuropathological abnormalities. However, the non-immunized mice showed typi- 
cal amyloid plaques. This vaccination was successful even when it was given to 
mice beyond the age at which the pathology in this model is fully developed. A 
reduction in the dense core plaque burden as the plaques began to decrease in size 
and quantity was observed. These data suggest that the AP vaccination was suc- 
cessful not only at preventing the development of amyloid plaques but was able to 
promote the disaggregation of previously formed plaques. Other laboratories have 
confirmed the effect of vaccination on the clinical symptoms of AD by using the 
mouse models and behavioral paradigms (Morgan et al., 2000; Janus et al., 2000). 
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They subjected the mice to A(3 vaccination at various time points and studied their 
performance in a Morris water maze. The results showed that immunization with 
Ap42 improved performance in the water maze whether the vaccination was given 
at early ages or even at late ages when the pathology had already started. The pre- 
cise mechanism of action of reduced AD-like pathology and improved cognition in 
transgenic models of AD is still under investigation. 

Recently, Dodart et al. (2002) showed that administration of the monoclonal 
antibody m266 to PDAPP mice can rapidly reverse memory deficits in both an 
object recognition task and a holeboard learning and memory task but without 
altering brain Ap burden. This study suggests that passive immunization with this 
anti-Ap monoclonal antibody can very rapidly reverse memory impairment in cer- 
tain learning and memory tasks in the PDAPP mouse model of AD, owing perhaps 
to enhanced peripheral clearance and sequestration of a soluble brain Ap species. 



5.4. Discussion 

Although these mice have provided some valuable information on human AD and 
can be used as an assay system, none of them are considered to be a fully equivalent 
model of human AD. This is supported by the fact that the chemical structure and 
morphology of transgenic mouse plaques are not equivalent to those of human AD. 
If such differences are found to be widespread between animal systems and human 
AD, then the development of therapeutic drugs using animal models may be ham- 
pered (Kuo et al., 2001). 

Further understanding of the critical age-dependent factors that confer vulnera- 
bility to Ap neurotoxicity may provide better insight into the neurodegenerative 
mechanisms involved in AD, with potentially significant therapeutic innovations. It 
is widely believed that mutations and polymorphisms in other genes, as yet un- 
known, will modulate susceptibility to AD and will therefore be found to be addi- 
tional trait-dependent markers. Neuroprotective growth factors such as the neu- 
rotrophins, basic fibroblast growth factor and insulin-like growth factors may play 
such a role. 

Whether therapeutic agents that affect the concentration, deposition, aggrega- 
tion, degradation, clearance, or toxicity of Ap will influence the clinical and patho- 
logical features of AD is still unclear. Nevertheless, it seems likely that approaches 
that reduce the concentration of Ap or the rate of amyloid aggregation and deposi- 
tion in proximity to synapses and neuronal cell bodies will be beneficial for patients 
with AD. Even with existing transgenic mouse models, a start for screening and test- 
ing therapeutic efficacy of lead compounds has commenced. The results of initial 
endeavors will be known shortly. 




Part II 

Neuropsychology of Alzheimer disease 




Chapter 6 
What is memory? 



6.1 Introduction 

Memory is a theoretical construct that may explain current behavior by reference 
to events that have happened or will happen in the future. Memory may be con- 
ceived as a complex, dynamic, recategorising and interactive process based on actu- 
al sensory-motor experiences and manifests itself in the behavior of an organism. 
Repetition in learning is a prerequisite for the formation of accurate and long-last- 
ing memory. Practice is most effective when widely distributed over time, rather 
than when closely spaced or massed. But even after efficient learning, most memo- 
ries dissipate with time unless frequently used (Spear, 1978; Spear & Riccio, 1994). 
Memory always has a subjective and an objective side. The subjective side is 
observed by the individual’s history (developmental perspective). The objective side 
is noted by the neural patterns generated by the sensory-motor interactions with 
the environment. It has been well established by many memory researchers that 
memory is not a unitary function. This notion is supported by evidence that differ- 
ent brain lesions in patients produce highly specific changes in some aspects of 
memory functions while sparing other ones. Research has attempted to delineate 
patterns of impaired and spared memory functions in order to assess whether there 
is a particular class of processing system that is not functioning while other systems 
function normally. 

Memory may be broadly divided into explicit (conscious) and implicit (uncon- 
scious) components (Squire, 1987). In the explicit memory tasks, subjects memo- 
rized (encoded) and recalled (retrieved) words and pictures (Camp et al., 1996). 
Retrieval may be further subdivided according to the nature of the cue used to pro- 
voke it. For example, in one task, subjects simply see a symbol indicating that they 
should recall the item that they had learned. In the other (recognition), they are pre- 
sented with an item they have seen several days earlier. They are required to indi- 
cate whether or not they recognized it from the pre-operative study phase. 
Researchers agree that implicit memory is more preserved in dementia patients than 
explicit memory (Vanhalle et al., 1998). Implicit memory has been defined as an 
unconscious form of retention that may be measured with tasks that do not require 
conscious recollections (Schacter, 1992). 

Since the development of new methods in the neurosciences (MEG, PET, func- 
tional magnetic resonance imaging (fMRI)), interdisciplinary memory research has 
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opened fascinating possibilities to study cognitive processes in the living brain. A 
large number of studies using neuroimaging have discovered different memory sys- 
tems in the brain (Schacter, 1989; Tulving, 1985; Pfeifer & Scheier, 1999; Meares, 
2000). Although the brain weighs less than three pounds, it is subdivided into many 
highly specialized zones, each responsible for a particular function - word recogni- 
tion, speech, vision, sensation, locomotion, coordination and so forth. New research 
using the technique of fMRI suggests that at least two areas of the brain play key 
roles in memory. The hippocampus appears critical for long-term memory (LTM) 
while the frontal lobes contribute more to short-term memory (STM). A good mem- 
ory requires many things including a healthy heart and blood vessels, the right 
amount of oxygen and glucose and the proper balance of brain chemicals. Medica- 
tions that influence neurotransmitters such as dopamine, serotonin and acetyl- 
choline may influence memory function. 

The distinction between recollection and familiarity underlies several contempo- 
rary theories of human memory (Jacoby, 1991; Jacoby & Dallas, 1981). It has 
played a critical role in characterizing memory-impaired populations such as 
amnesics and it has proven useful in accounting for results from recent neuroimag- 
ing studies of memory (Gabrieli et al., 1997). Central to all of these dual-process 
theories is the claim that recognition memory judgments can be based on two dis- 
tinct memory retrieval processes: familiarity and recollection. The familiarity 
process reflects the assessment of the memory strength or experimental familiarity 
of a test item. Recollection reflects a search of memory whereby qualitative infor- 
mation about the study event is retrieved. Jacoby (1991) has distinguished between 
recollection and familiarity in terms of intentional control. If an individual can rec- 
ollect information about a previous event, then he or she should be able to accu- 
rately discriminate between items from different episodes or sources. In contrast, 
assessments of familiarity should support recognition judgments (i.e., old items are 
more familiar than new items), but should not be useful in discriminating between 
equally familiar items from different sources. On the basis of this distinction, Jaco- 
by developed the process dissociation procedure to measure recollection and famil- 
iarity. Recollection is measured as the ability to retrieve a specified aspect of the 
study event (e.g., where or when an item was presented) and to use this as a basis 
for intentionally controlled responding. In contrast, Tulving (1985) argued that the 
fundamental difference between the components underlying recognition memory is 
in the nature of the conscious experience associated with each component. Recol- 
lection is associated with autonoetic consciousness (i.e., self-knowing or remember- 
ing), in which the episodic aspects of the study event are consciously experienced. 
In contrast, familiarity is associated with noetic consciousness (i.e., knowing) 
whereby the individual knows that the item was studied but does not re-experience 
any specific information about the study event. To measure these different types of 
recognition, Tulving developed the remember-know procedure, in which individuals 
are required to introspect about the basis of their recognition judgments and to 
report whether they recognize items on the basis of recollection or familiarity. 

Some studies have suggested some differences in cognitive abilities between 
women and men (Macoby &c Jacklin, 1974; Ionescu, 2002). Macoby &c Jacklin 
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(1974) advocated that women are superior to men in verbal ability while men sur- 
pass women in spatial and mathematical ability. In a recent study conducted in Swe- 
den, women outperformed men on verbal tests while men outperformed women on 
visuospatial tasks (Herlitz et al., 1997). This study employed 1000 participants aged 
35-80 years. In addition, the authors noted that women consistently outperformed 
men on a battery of episodic memory tasks. 



6.2 Short-term memory, working memory and long-term memory 

Just as memory involves different regions of the brain, forgetting involves the loss 
of different types of memory. LTM retains information learned in the past while 
STM stores information from the present. LTM is designed to be highly durable but 
STM can be temporary, such as forgetting a phone number as soon as you have 
written it down. If one did not forget information in STM, ones mind would soon 
be cluttered with all sorts of useless information. More than simply normal, that 
type of forgetting is adaptive and helpful. Forgetting items in the LTM bank is dif- 
ferent. LTM can be episodic (e.g., remembering when you last rode a bicycle), 
semantic (e.g., remembering facts and principles such as knowing what a bicycle is) 
or procedural (e.g., remembering how to ride a bicycle). It is perfectly normal to for- 
get episodic memories but semantic and procedural memories should be much more 
deeply entrenched. 



6.2.1 Short-term memory 

STM involves a temporary synaptic modification, presumably consisting of tran- 
sient alterations in the concentration, binding or uptake of various neurotransmit- 
ter substances. Short-term synaptic enhancement (STE) refers to a model of such 
STM processes and suggests a way that neurochemical activity might briefly main- 
tain memories by modifying the synapse for brief periods of time (Fisher et al., 
1997). The mechanisms mediating STE appear to occur primarily in the presynap- 
tic neuron, perhaps involving an increased number of synaptic vesicles releasing 
neurotransmitter substance into the cleft in response to an action potential. 



6.2.2 Working memory 

The term working memory is generally used in cognitive psychology to refer to a 
limited capacity system that allows the temporary storage and treatment of infor- 
mation necessary for such complex tasks as comprehension, learning and reasoning. 
The concept of working memory proposed by Baddeley & Hitch (1974) provided 
such a framework for conceptualizing the role of temporary information storage in 
the performance of a wide range of complex cognitive tasks. It has proposed a three- 
compartment model of working memory. This approach represented a development 
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of earlier models of STM such as those of Broadbent (1958) and Atkinson & 
Shiffrin (1968); however, it abandoned the concept of a unitary store in favor of a 
multicomponent system. Moreover, it emphasized the function of such a system in 
complex cognition rather than memory per se. The model comprised an attentional 
control system, the “central executive” supported by two subsidiary slave systems, 
the “phonological loop” and the “visuospatial sketchpad”. The loop is assumed to 
hold verbal and acoustic information using a temporary store and an articulatory 
rehearsal system which imaging studies suggested are principally active with Broad- 
mann areas 40 and 44, respectively. Working memory is a limited-capacity system 
(able to hold only about seven recognizable items) capable of storing and manipu- 
lating information for only short periods of time (about 20-30 sec) without 
rehearsal (Baddeley and Hitch, 1974). 

Behavioral as well as functional neuroimaging data in healthy humans and neu- 
ropsychological evidence in brain-damaged patients indicate separate working 
memories for the brief retention of verbal and visual data (Smith et al., 1996; Val- 
lar &c Shallice, 1990). In the visual working memory domain, a further fractiona- 
tion between short-term retention of shape and spatial location of objects is sug- 
gested by the identification in the monkey of two neural pathways, the ventral 
(occipito-temporal) pathway and the dorsal (occipito-parietal) pathway, specialized 
in the transmission of the former and the latter aspect of visual information, respec- 
tively (Stark et al., 1996). Behavioral studies in healthy humans demonstrate that 
the execution of arm movements in space during the delay interval of visual-spatial 
STM tasks specifically interferes with memory of the target spatial location where- 
as the exposure to irrelevant stimuli during the same interval selectively disrupts 
memory of the visual shape of objects (Baddeley & Lieberman, 1980; Logie & Mar- 
chetti, 1991). Finally, functional neuroimaging investigations confirm the anatomi- 
cal segregation of neural circuits underlying visual-object and visual-spatial work- 
ing memory (Smith et al., 1995). 

Caplan and Waters (1999) discussed the view that language processing makes 
use of specialized memory resources. They argued that the working memory 
resources used for sentence processing are separate from those used for consciously 
controlled processes such as remembering a list of words, and cited evidence from 
neurological patients, individual differences in the normal range, language compre- 
hension in elderly adults and the comprehension of language while simultaneously 
maintaining a memory load. These observations are consistent with the view of 
Lewis (1999) that memory for syntactic relations is independent of the memory used 
for list of words. Ericsson and Kintsch (1995) argued that the ability of working 
memory to support skilled performance does not stem from the efficiency that it 
derives from representing only a small number of items but rather from how its high 
degree of organization supports efficient retrieval of the appropriate information. 



6 . 2 . 2. 1 The central executive system 

The central executive system (CES) is critically responsible for the planning, orga- 
nization and other strategic aspects of memory that facilitate both the encoding and 
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the retrieval of information in LTM. It processes the information on hand by using 
and allocating (limited) attentional and cognitive resources. The central executive is 
also assumed to be fractionable and frontal areas appear to be strongly implicated 
(Gathercole, 1999). For example, the CES is active when someone is driving while 
talking to a passenger in the car. This latter function of the CES, measured with a 
dual task paradigm, has been shown to be impaired in patients with minimal and, 
to a greater extent, mild AD (Baddeley et al., 1991; 1997; Greene et al., 1995). The 
CES is also active when someone has to monitor information when performing a 
mental operation, as can be measured with the digit span (DS) subtest of the Wech- 
sler adult intelligence scale (WAIS) (Wechsler, 1981). In AD, the progressive impair- 
ment of performance on the DS subtest is generally attributed to a deterioration of 
the CES (Flicker et al., 1993; Linn et al., 1995). 



6.2. 2. 2 The phonological loop 

The phonological loop (labeled as such by Baddeley (1992) but formerly known 
as the articulatory loop) contributes to the retention of verbal information. Its 
function is to maintain phonologically encoded material in primary memory 
through short-term storage and to translate, when applicable, visually presented 
material into verbal material (Morris & Baddeley, 1988). It is assumed to comprise 
a temporary phonological store in which auditory memory traces decay over a 
period of a few seconds unless revived by articulatory rehearsal. The loop is 
assumed to have developed on the basis of processes initially evolved for speech 
perception (the phonological store) and production (the articulatory rehearsal 
component). It is particularly suited to the retention of sequential information and 
its function is reflected most clearly in the memory span task whereby a sequence 
of items such as digits must be repeated back immediately in the order of presen- 
tation. 

The function of the articulatory loop is spared in patients with early stages of 
AD, as measured by repetition of digits, and by the presence of phonological simi- 
larity, length and recency effects on tests of verbal learning (Morris & Baddeley, 
1988). However, recent findings suggest that the recency effect is disrupted in mod- 
erate AD (Riekkinen et al., 1998). 



6.2. 2. 3 The visuospatial sketchpad 

The visuospatial sketchpad (VSSP) is principally of use to remember the spatial posi- 
tions of objects and its action lasts a few seconds (Baddeley, 1991). The VSSP is 
assumed to hold visuospatial information, to be fractionable into separate visual, 
spatial and possibly kinesthetic components and to be principally represented with- 
in the right hemisphere (areas 6, 19, 40 and 47). It is particularly specialized for 
tasks involving generation and manipulation of mental images, under the control of 
the CES. 

The functioning of the VSSP as assessed by the Corsi’s blocks test is altered in 
patients with, even mild AD (Morris &c Baddeley, 1988). 
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6. 2. 2 A The episodic buffer 

There are, however, a number of phenomena that are not readily captured by the 
original model. Therefore a fourth new component of the model, the episodic buffer, 
has been proposed (Baddeley, 2000). The episodic buffer is assumed to be a limited- 
capacity temporary storage system that is capable of integrating information from a 
variety of sources. It is assumed to be controlled by the central executive which is 
capable of retrieving information from the store in the form of conscious awareness, 
of reflecting on that information and, where necessary, to manipulate it. The buffer 
is episodic in the sense that it holds episodes of the information that is being manip- 
ulated across space and time. In this respect, it resembles Tulving’s concept of 
episodic memory. Thus, this new model of working memory comprises a limited 
capacity system that provides a temporary storage of information held in a multi- 
modal code, which is capable of binding information from the subsidiary systems 
and from LTM into a unitary episodic representation. Conscious awareness is 
assumed to be the principal mode of retrieval from the buffer. This revised model 
differs from the old principally in focusing attention on the processes of integrating 
information rather than on the isolation of the subsystems. Therefore, this new 
model of working memory provides a better basis for talking the more complex 
aspects of executive control in working memory. 



6.2.3 Long-term memory 

LTM appears to alter the structure of the synapse permanently through experience- 
dependent gene expression. The dominant models of synaptic plasticity for LTM are 
referred to as long-term potentiation (LTP) and long-term depression (LTD) (Bliss 
&C Lomo, 1973). Although not universally acknowledged, a good deal of evidence 
supports them as viable models of the cellular basis of learning. LTP refers to a per- 
sistent increase in synaptic efficacy resulting from a number of neural mechanisms. 
LTD involves persistent, experience-dependent decreases in synaptic efficacy. LTP 
may involve several processes, including an increase in the number of synapses 
between axons and dendrites, changes in neurotransmitter release and modification 
of the structure of dentritic spines (Kauer et al., 1988). 



6.3 Declarative memory 

Declarative memory supports the ability to acquire new facts and events and 
depends on the integrity of the hippocampus and anatomically related structures in 
the medial temporal lobe and diencephalon. Declarative memory encompasses the 
acquisition, retention and retrieval of knowledge that can be consciously and inten- 
tionally recollected (Cohen & Squire, 1980). Such knowledge includes memory for 
events (episodic memory) or facts (semantic memory) (Tulving, 1983). In contrast, 
nondeclarative or procedural kinds of memory encompass the acquisition, reten- 
tion, and retrieval of knowledge expressed through experience-induced changes in 
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performance. These kinds of memory are measured by indirect or implicit tests 
where no reference is made to that experience. Skill learning, repetition priming, and 
conditioning are classes of implicit tests that often reveal procedural memory 
processes dissociable from declarative memory. 



6.3.1 Episodic memory 

Episodic memory is the kind of memory that allows one to remember past happen- 
ings from one’s life. It represents memory for personally experienced events stored 
in spatiotemporal and emotional contexts (Tiberghien, 1991). Episodic memory has 
to do with one’s “autonoetic” awareness of one’s experiences in the continuity of 
subjectively apprehended time that extends backward into the past in the form of 
remembering. It also allows viewing the future in the form of imagining or planning 
for it. This definition emphasizes the conjunction of three ideas: self, autonoetic 
awareness and subjectively sensed time. Identifying similarities and differences 
between episodic memory and both semantic memory and priming will require care- 
ful componential analysis of episodic memory (Mayes & Roberts, 2001). 

Episodic retrieval is thought to involve an interaction between a “retrieval cue” 
(self-generated or provided by the environment) and a memory trace, leading to the 
reconstruction of some or all aspects of the episode represented by the trace. This 
interaction and its sequelae were termed “ecphory” by Semon (1921). Whether an 
episodic retrieval attempt is successful or not is influenced by numerous factors, not 
least of which is the way the event was initially “encoded” into memory. Also 
important are the cues available, and the processes engaged during the retrieval 
attempt. The importance of retrieval cues and the nature of their processing is 
emphasized in the principle of “transfer appropriate processing” according to which 
memory performance is a function of the degree to which cognitive operations 
engaged are recapitulated at retrieval (Morris et al., 1977). Tulving (1983) has also 
proposed that a further prerequisite for successful episodic retrieval is that the 
rememberer is in the appropriate cognitive state, which he termed “retrieval mode”. 
According to this proposal, only when the rememberer is in retrieval mode will a 
stimulus event be treated as an episodic retrieval cue. Retrieval mode is also neces- 
sary for retrieval to be accompanied by the experience of “reliving the past” or 
“autonoetic” remembering (Wheeler et al., 1997). These two conceptions of 
retrieval mode share the notion that mode is manifest as a “tonically” maintained 
cognitive state. 

Functioning of episodic memory is principally assessed in the laboratory with 
methods such as learning and recall of lists of words or paragraphs, presented either 
orally or visually, learning and recall of abstract drawings and facial recognition 
tests. For instance, reading a list of words to a patient and then asking the patient 
to recall the words a minute later is an episodic memory test, since the patient must 
retrieve a specific list of words presented in a specific temporal and spatial context. 
Another method is to test the ability to remember autobiographical events that 
occurred prior to a lesion/disease (Sanders &c Warrington, 1975). Patients with AD 
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show encoding and retrieval deficits in free and cued recall situations, together with 
recognition deficits very early in the course of the disease (Deweer et al., 1994; 
Goldman et ah, 1994; Herlitz et ah, 1997). 



6.3.2 Semantic memory 

Semantic memory is defined as memory for general knowledge that is context free 
and includes memory for vocabulary, as well as facts about the world and oneself. 
It refers to one’s fund of general knowledge that is not dependent upon contextu- 
al cues for retrieval (Tulving, 1983). It is the system that processes, stores and 
retrieves information about the meaning of words, concepts and facts. Asking a 
patient the name of the first president of the United States or the capital of France 
all involve retrieval from semantic memory. In each case, the specific information 
can be retrieved without recalling the particular episode in which that information 
was acquired. Semantic memory has been proposed to exist as a representation of 
knowledge based on an organized network of interrelated categories, concepts and 
attributes. Semantic or category fluency tasks (e.g., animals, vegetables, clothes), 
the vocabulary subtest of the WAIS and the Pyramids and Palm tress test are good 
examples of semantic memory tasks (Wechsler, 1981; Howard &c Patterson, 
1992). 

A model of semantic memory may posit two major components: long-term 
knowledge of the features contributing to word meaning and the processes that 
operate on this knowledge. Some feature knowledge is likely to be concerned with 
the perceptual appearance of an object or an action such as the shape, color or 
motion of a word’s exemplar (Jackendorff, 1990; Miller &c Johnson-Laird, 1976). 
Knowledge that is neither perceptual nor functional is likely to be retained in seman- 
tic memory for word meaning as well, such as an associative network of preposi- 
tional knowledge that is related particularly to abstract words that have few per- 
ceptual features. 

The neural organization of semantic memory is not very clear. Some researchers 
argue for a non-fractionated distributed semantic system in which input modality 
produces a regionally specific effect but the particular category of semantic knowl- 
edge does not (Tyler & Moss, 2001). Others argue for regional specialization 
according to knowledge category. For example, tools and animals are represented in 
different areas of temporal cortex (Martin & Chao, 2001). According to this 
approach, the neural representation of a feature contributing to semantic memory 
is thought to be in the processing stream most relevant for the feature. The neural 
representation of visual-perceptual feature knowledge, for example, may be associ- 
ated with activation of the fusiform gyrus in ventral temporal-occipital visual asso- 
ciation cortex (Martin et al., 1995; 2000). This hypothesis holds that the represen- 
tation of a specific category of knowledge in semantic memory is tightly linked to 
the kind of feature contributing importantly to the category. 

On the basis of neuroanatomical connectivity patterns, the neural substrates for 
these integrative processes are hypothesized to include heteromodal association cor- 
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tices in the dorsolateral temporal-inferior parietal (BA 22 and 39) brain regions. 
Heteromodal cortical areas such as these have reciprocal projections with modality- 
specific association regions where feature knowledge may be represented and with 
paralimbic region such as medial temporal areas important for the long-term con- 
solidation of knowledge in semantic memory. Heteromodal association cortex is 
implicated in semantic processing, on the basis of structural imaging studies of 
patients with insult to this region (Hillis et al., 2001). Functional neuroimaging 
studies of lexical semantic memory frequently show lateral frontal (BA 9, 44 & 46) 
and posterolateral temporal (BA 21, 22 &c 39) activation for multiple semantic cat- 
egories (Whatmough et al., 2002). 

Some data indicate that semantic memory is disrupted very early in the course of 
the disease in both minimal and mild stages of AD (Dalla Barba &c Goldblum, 1996; 
Howard & Patterson, 1992; Persson & Skoog, 1992). However, there is hetero- 
geneity in the results with some patients showing severe impairment on all seman- 
tic memory tests while others performed variably on specific tests (Hodges & Pat- 
terson, 1995). 



6.3.3 Autobiographical memory 

The term autobiographical memory is used to focus attention upon an individual’s 
record of his own personal experiences as opposed to his performance on standard 
laboratory tests such as free recall. Autobiographical memories are recollections of 
personally meaningful events that are used to construct one’s life history. As such, 
the memories formed are a reflection of a person’s self-concept as well as their rela- 
tionship with significant others. Autobiographical memory may be best described as 
involving the remembrances of events that have been personally experienced (Neiss- 
er, 1986). 

Personally experienced events are structured in autobiographical memory by 
hierarchically ordered types of memories for events that vary in their scope and 
specificity and this structure is organized along temporal and thematic pathways 
that guide the retrieval process. Although there have been slightly different views 
regarding the various types of memories that people recover when remembering 
their personal past, in general there are three main types (Barsalou, 1988; Conway, 
1996). The most general type of memory, which comprises the top and middle of 
the hierarchy, is for extended events. Memories for extended events reveal the tem- 
poral nature of autobiographical memory, as such events are extended in time for 
periods as long as many years to as short as just a few days. Comprising the mid- 
dle of the hierarchy are memories for summarized events that emphasize the the- 
matic aspects of autobiographical memory. In remembering summarized events, 
individuals are considering the common themes that underlie events of the same 
kind. Finally, the most detailed type of memory at the bottom of the hierarchy is 
for specific events. Memories of specific events include the perceptual and episod- 
ic information that provides a sense of reliving a particular episode as it originally 
occurred. Therefore, autobiographical memory structure may be characterized as a 
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hierarchical network that includes extended, summarized and specific events (Belli, 
1998). It permits retrieval of past events through multiple pathways that work top- 
down in the hierarchy, sequentially within life themes that unify extended events 
and in parallel across life themes that involve contemporaneous and sequential 
events. 

Autobiographical memories are traditionally indexed by providing partici- 
pants with cue words and requesting recall of a specific personal memory in 
response to them (Rubin, 1986). Specificity of memories is defined as the partic- 
ipant’s being able to “give a date, day of the week or time of the day when the 
episode occurred” (Williams & Scott, 1988). With respect to remembering when 
events happened, people tend to report events as having occurred more recently 
than in actuality, a phenomenon known as forward telescoping (Bachman & 
O’Malley, 1981; Thompson et al., 1988; Rubin & Baddeley, 1989). Finally, accu- 
racy in reporting how often events happened has been found to be a complex 
interplay of such factors as the frequency, similarity and regularity of events, the 
length of the retention interval and the use of closed or open-ended questions 
(Brown, 1995). 

The Autobiographical Incidents Schedule, the questionnaire of Flicker and col- 
laborators and the autobiographical fluency task can assess autobiographical mem- 
ory performance (Kopelman et al., 1989; Flicker et al., 1987; Dritschel et al., 1992). 
Patient groups with minimal and mild AD were found to be impaired on autobio- 
graphical memory. Patients in the minimal and mild stages show a temporal gradi- 
ent, with stronger deficits for recent events (late adult) than for events of childhood 
and early adult life (Greene et al., 1995; Sagar et al., 1988). 



6.3.4 Prospective memory 

A common everyday memory task is to remember to perform an intended action at 
some appropriate point in the future. This type of memory has been termed prospec- 
tive memory. It is an important aspect of cognition that is necessary for individuals 
to function in their everyday life. Prospective memory tasks require planning and 
keeping the cue-action association activated during ongoing performance of a back- 
ground task, functions that both presumably involve the frontal lobes. 

A characteristic of laboratory paradigms for examining prospective memory is 
that participants are instructed to perform an action whenever a target event occurs. 
For example, in the context of some ongoing activity (e.g., rating the pleasantness 
of a list of words), participants might be instructed to press a special key on a com- 
puter keyboard each time a particular target word appears on the screen (Einstein 
et al., 1997). The Rivermead behavioral memory (RBM) test contains subtests mea- 
suring prospective memory such as remembering an appointment, remembering a 
belonging and remembering to deliver a message. Prospective memory has been 
shown to be impaired early in the course of AD (Huppert & Beardsall, 1994; McK- 
itrick et al., 1992). 
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6.4 Procedural memory 

Procedural memory (implicit memory) is quite different from both episodic and 
semantic memory, because it pertains to an unconscious form of remembering that 
is expressed only through the performance of the specific operations comprising a 
particular task. Procedural memory is responsible for the acquisition and retention 
of motor, perceptual and cognitive skills. Playing pool, solving arithmetic problems 
are examples of procedurally learned skills. Procedural learning is also an essential 
contributor to the aspect of personality often referred to as character - the remark- 
able consistency displayed by people in their behavior over time (Grigsby &c Stevens, 
2000). Procedural memory is independent of the medial temporal lobe and dien- 
cephalic structures important for declarative memory. 



6.4.1 Skill learning 

In skill-learning tasks, subjects perform a challenging task on repeated trials in one 
or more sessions. The indirect or implicit measure of learning is the improvement in 
speed or accuracy achieved by a subject across trials and sessions. Preservation of 
sensorimotor, perceptual, and cognitive skill learning in amnesia indicates that such 
learning for some skills is not dependent upon declarative memory. Some of the 
neural systems underlying such skill learning have been identified in neuropsycho- 
logical and neuroimaging studies. 

Intact sensorimotor skill learning in amnesia is well documented for three tasks: 
mirror tracing, rotary pursuit, and serial reaction time (SRT). Rotary-pursuit skill 
learning is intact in amnesia and in AD (Heindel et al. 1989). SRT learning is intact 
in amnesia and intact in some but not all AD patients (Ferraro et al., 1993). Vari- 
ability in AD performance may reflect severity and perhaps specific impairment in 
spatial working memory. Patients in the mild and moderate stages of AD showed 
preserved performance on skill learning measured with pursuit-rotor and mirror- 
reading tasks (Sahakian et al., 1988; Deweer et al., 1994; Grafton et al., 1992; 
Deweer et al., 1993). 



6.4.2 Repetition priming 

Priming is a form of memory for specific factual and episodic information that 
depends on automatic retrieval processes and does not need to involve feeling of 
familiarity for what is remembered. A widely held view is that priming depends on 
storage changes in the brain regions that represent the primed information and that 
these changes ensure that, when some or all of the information is next re-encoded, 
the representation is reactivated more fluently (i.e. more rapidly and strongly) 
(Mayes, 2001). 

One important distinction is between perceptual priming, which reflects prior 
processing of stimulus form, and conceptual priming, which reflects prior process- 
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ing of stimulus meaning. Perceptual priming occurs in visual, auditory, and tactual 
modalities. It is maximal when study-phase and test-stimuli are perceptually identi- 
fied, and reduced when there is a study-test change in modality or symbolic nota- 
tion. Conceptual priming is maximal when study-phase processing enhances seman- 
tic analysis of stimulus meaning, and reduced when study-phase processing dimin- 
ishes semantic analysis. Priming procedures include tasks of perceptual priming 
which essentially rely on the analysis of the physical properties of stimuli and 
require that their format remains identical between study and test (e.g. perceptual 
identification of words or pictures) and tasks of conceptual priming in which 
retrieval cues provide information conceptually related to the target information, 
without identical format presentation of stimuli between study and test being nec- 
essary (e.g., paired-associates procedures) (Schacter et al., 1993). 

Several lines of evidence indicate that priming is mediated by neocortical areas, 
with perceptual priming being mediated by modality-specific cortical regions and 
conceptual priming by a modal language areas. One source of evidence is the per- 
formance of AD patients who exhibit severely reduced conceptual priming but 
intact perceptual priming on visual tasks (Monti et al., 1996; Fleischman et al., 
1995). This pattern of impaired conceptual and intact perceptual priming may be 
interpreted in terms of the characteristic neocortical neuropathology in AD. 

In explicit memory tests such as recognition and free recall, subjects are instruct- 
ed to actively remember previous events, whereas in implicit memory tests, subjects 
are not instructed to explicitly use memory. Tasks of repetition priming usually fall 
into two categories: word identification/incomplete-picture and word-stem comple- 
tion tasks. For example, in a word stem completion test, subjects are first exposed 
to a series of words (e.g., SALMON) and are then shown word stems such as 

SAL and are instructed to complete the stem with the first word that comes to 

mind. Subjects are more likely to complete a stem with a word if it was previously 
studied (i.e., exhibit priming effects) even if they do not consciously recollect having 
studied that word. Moreover, amnesic subjects who perform more poorly than nor- 
mal subjects on tests of explicit memory perform normally on tests of implicit mem- 
ory, indicating that implicit and explicit forms of memory rely on partially distinct 
neuroanatomical substrates (Schacter et al., 1993). These two forms of memory also 
exhibit functional properties. For example, changes in the perceptual format of 
words between study and test, such as from uppercase letters to lowercase letters or 
from auditory to visual presentation, greatly reduce the priming effects observed in 
implicit tests such as stem completion. In contrast, similar changes in perceptual for- 
mat often do not affect performance on explicit tests like recognition and recall. 

Priming for line drawings of real and nonreal objects was examined in an object 
decision task for AD patients and normal elderly control participants (Fleischman 
et al., 1998). It was observed that the classification of real and nonreal objects in 
AD patients, albeit mildly impaired compared to the control group, was reasonably 
accurate. The explicit memory for real and nonreal objects was substantially 
impaired in the AD patients but the repetition priming for real objects was intact. 
Repetition priming for nonreal objects was robust when measured by latency, but 
opposite to the control group. The AD patients were slower in classifying repeated 
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nonreal objects compared to novel nonreal objects, whereas control participants 
were faster. Although both groups were less accurate in identifying repeated normal 
objects, the decrease in accuracy was significantly greater for the AD group. There- 
fore, the results of this study support the claim that AD patients with MCI show 
normal perceptual priming. 

Although there is some agreement about the spared performance of patients with 
mild and moderate AD when compared with controls on data-driven (perceptual) 
process tasks using word-identification or incomplete-picture paradigms, contro- 
versy on results of conceptually-driven process tasks using word-stem completion 
still persists (Russo et al., 1994; Fleischman et al., 1996; Gabrielli et al., 1994). 

An important question concerns the capacity of showing priming for materials 
without pre-existing representations in memory in normal and pathological ageing. 
A study which assessed volunteers (20 patients with mild AD, 20 elderly controls 
and 20 young control subjects) with a paradigm of priming for new verbal associa- 
tions reported that contrary to young subjects, neither AD patients nor normal 
elderly subjects demonstrated priming effects for new associations (Ergis et al. 
1998). These results indicate that the absence of priming for new verbal associations 
is more related to an effect of aging than to a specific effect of AD. 



6.5 Controlled and automatic memory process 

A defining characteristic of dementia of Alzheimer’s type is a profound impairment 
on any direct or explicit tests of memory (Butters, 1984). Thus, when demented 
patients are instructed to recall to consciousness previously studied information, 
their performance is almost invariably abnormal. Nevertheless, it is apparent that 
on some tasks patients with dementia of Alzheimer’s type (DAT) do show a degree 
of preserved capacity for learning. In particular, on tests measuring facilitation of 
performance by a previous learning episode, where the test is indirect and does not 
require conscious recall, AD patients may show normal or near normal performance 
(Monti et al., 1994). However, the dissociation between impaired direct memory 
and preserved indirect memory, which has been consistently demonstrated in per- 
sons with circumscribed amnesia, is not as clear-cut in AD. For example, on the 
widely used word-term completion test of implicit memory function, there are 
reports of both abnormal and normal performance (Deweer et al., 1994; Keane et 
al., 1991). 

Jacoby (1991) described a method for separating conscious from unconscious (or 
automatic) processes in memory that allows the estimation of controlled memory 
performance without contamination by unconscious or automatic influences, which 
he termed the process dissociation procedure. One advantage of this method is that 
it allows examination of differences in the processes impaired and nonimpaired indi- 
viduals use to recall or recognize previously studied information. Using the process 
dissociation procedure of Jacoby, a recent study examined the contribution of con- 
trolled (conscious) and automatic (unconscious) memory processes to the perfor- 
mance of a stem-completion recall task by AD patients and a matched group of 
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healthy elderly individuals (Knight, 1998). The results of this study provided an 
understanding of the manner in which AD patients perform stem completion tasks 
used as direct tests of cued recall. Recollection was noted to be severely impaired in 
the AD patients. Further, the estimates of the automatic processing were also 
observed to be reduced, although there was considerable overlap in the performance 
of the two groups on this parameter. It was concluded that the residual capacity of 
AD patients to recall previously learned information was supporter to a great extent 
by their automatic memory processes. Therefore, this study indicates that at the 
practical clinical level, results from process dissociation tasks may demonstrate that 
when controlled processing is impaired by old age, amnesia or even dementia, auto- 
matic processes may continue to function at a normal or near normal level. This 
observation may be significant in planning effective learning contexts in the devel- 
opment of rehabilitation strategies. As an assessment tool in the practice of clinical 
neuropsychology, the process dissociation procedure shows considerable promise. 
The application of Jacoby’s model permits the assessment of an estimate of con- 
trolled memory uncontaminated by automatic processes, thereby increasing the pre- 
cision of measurement of memory dysfunction in amnesic or demented patients. 



6.6 Neuroanatomy and physiology of memory 

Combined behavioral and molecular genetic studies suggest that despite their dif- 
ferent logic and neuroanatomy, declarative and nondeclarative forms of memory 
share some common cellular and molecular features. In both systems, memory stor- 
age depends on a short-term process lasting minutes and a long-term process lasting 
days or longer. STM involves covalent modifications of pre-existing proteins, lead- 
ing to the strengthening of pre-existing synaptic connections. LTM involves altered 
gene expression, protein synthesis and the growth of new synaptic connections. In 
addition, a number of key signaling molecules involved in converting transient 
short-term plasticity to persistent LTM appear to be shared by both declarative and 
nondeclarative memory. A striking feature of neural plasticity is that LTM involves 
structural and functional change (Greenough & Bailey, 1988). 

Human memory includes multiple systems with different anatomic substrates. At 
the neuropsychological level, memory begins with the registration of information in 
cortical and subcortical processing structures. According to the consensus view of 
the neural mechanisms supporting autobiographic or episodic memory, the ability 
to recollect past events consciously is mediated by multiple systems distributed 
throughout the cortex (Tulving, 1983; Tranel & Damasio, 1995; Damasio, 1994; 
Rubin, 1998). Encoding new experiences for later recollection is mediated by areas 
in the medial temporal lobes, especially the hippocampus and surrounding areas and 
the diencephalons that includes the mammillary bodies and dorsomedial thalamus. 
The long-term storage of information for conscious recall is mediated by these 
encoding centers (Damasio, 1994). The extrastriate occipital regions are likely to 
mediate perceptual priming while basal ganglia seem to be critical for mediating 
procedural memory. 
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Theories of episodic memory need to specify the encoding, storage and retrieval 
processes that underlie this form of memory and indicate the brain regions that 
mediate these processes and how they do so. Primarily those parts of the posterior 
neocortex that process perceptual and semantic information probably mediate rep- 
resentation and retrieval of the spatiotemporally linked series of scenes that consti- 
tute an episode. However, establishing where storage is located is very difficult and 
disagreement remains about the role of the posterior neocortex in episodic memory 
storage. 

Synaptic plasticity, including LTP and LTD, are thought to be important for 
learning and memory (LeDoux, 2000; Bliss & Collingridge, 1993). Several reports 
have suggested the existence of endogenous molecular suppressors that negatively 
control the efficacy of neuronal transmission and memory formation (Abel et al., 
1998). One proposed category of such memory suppressors is constituted by pro- 
tein phosphatases. These molecules, together with protein kinases, regulate many 
cellular processes by the reversible phosphorylation/dephosphorylation of specific 
substrates (Sweatt, 2001). For instance, the Ca 2+ /calmodulin-dependent protein 
phosphatase calcineurin (PP2B) was reported to block learning, memory storage 
and memory retrieval (Mansuy et al., 1998; Malleret et al., 2001). Protein phos- 
phatase 1 (PP1) determines the efficacy of learning and memory by limiting acqui- 
sition and favoring memory decline (Genoux et al., 2002). When PP1 is genetically 
inhibited during learning, short intervals between training episodes are sufficient for 
optimal performance. The enhanced learning correlates with increased phosphory- 
lation of cyclic AMP-dependent response element binding (CREB) protein, of 
Ca 2+ /calmodulin-dependent protein kinase II (CaMKII) and of the GluRl subunit of 
the AMPA receptor. It also correlates with CREB-dependent gene expression. Inhi- 
bition of PP1 prolongs memory when induced after learning, suggesting that PP1 
also promotes forgetting (Genoux et al., 2002). This finding emphasizes the physi- 
ological importance of PP1 as a suppressor of learning and memory and as a poten- 
tial mediator of cognitive decline during ageing. 

CREB is a major transcription factor that is centrally involved in the formation 
of LTM in both invertebrates and vertebrates (Josselyn et al., 2001; Silva et al., 
1998). CREB is activated by phosphorylation of the serine 133 residues, potential- 
ly within a short period of time. Two major pathways, the cAMP signaling and cal- 
cium-calmodulin protein kinase pathway, mediate CREB activation. Inhibition of 
CREB impairs behavioral performance in various memory tests across species 
whereas overexpression of CREB facilitates long-term fear memory (Yin et al., 
1995; Josselyn et al., 2001). 

The aging brain loses weight, volume and neurons. Morphological study evi- 
dence of a general decrease in gross brain volume reaching significance in the sev- 
enth decade of life has been well documented (Haug & Eggers, 1991). The greatest 
regional differences in the degree of volume reduction, estimated to be 10-17%, are 
found in the prefrontal cortex. This is compared to volume decreases in the tempo- 
ral, parietal and occipital cortices, all estimated at 1% (Guttman et al., 1998; Raz 
et al., 1997). With advancing age, an increased number of pathological structures in 
the brain, such as SPs and tangles accompany the reduction in cortical volume 
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throughout the human life span (West, 1996). Functional changes in the aging brain 
also occur such as declines in rCBF, particularly in the prefrontal cortex and 
decreased prefrontal activity in older versus younger adults during verbal encoding 
tasks (Cabeza et ah, 1997; Tulving et ah, 1994). Bilateral prefrontal activation in 
older adults as compared to hemisphere-specific prefrontal activation in younger 
adults during tasks involving verbal recognition memory and spatial memory tasks 
is also noted (Reuter-Lorenz et al., 2000). 



6.6.1 Medial-temporal and diencephalic systems 

The medial temporal lobe (MTL), which includes the hippocampal formation (the 
dentate gyrus, fields CA1, CA2 and CA3 and the subiculum), entorhinal cortex, 
perirhinal cortex, parahippocampal cortex and amygdala, is postulated to guide 
memory consolidation processes that yield stable representations of memory in neo- 
cortex (McGaugh, 2000; Squire & Alvarez, 1995). Most researchers believe that the 
hippocampus and MTLs are involved in storing episodic information and that long- 
term potentiation may indicate the mechanism of storage (Morris & Frey, 1997). 
Lesions to medial-temporal and diencephalic brain regions yield amnesia, a selective 
deficit in declarative memory with sparing of short-term memory, remote memories, 
and motor, perceptual and cognitive capacities. In patients with large MTL lesions 
and severe amnesia, the capacity for new semantic learning seems quite limited 
(patient HM, patient SS and patient EP; Marslen-Wilson & Teuber, 1975). When the 
damage is more restricted and the amnesia correspondingly less severe, considerable 
semantic learning is possible although the degree of learning seldom approaches 
what can be achieved by normal individuals (Van der Linden et al., 2001). 

The MTL has also been related to processing that leads to contextual memory 
(see Mayes, 1988). Damage to this area also disrupts attentional orienting towards 
novel information (Honey et al., 1998). Many functional neuroimaging studies have 
shown MTL activations when subjects carry out memory encoding tasks (Gabrieli 
et al., 1997; Stern et al., 1996). There is some evidence that these MTL activations 
are greater when associations rather than items are encoded (Henke et al., 1997; 
1999). There is also some evidence that these MTL activations are greater when 
novel rather than familiar information is encoded (Dolan &c Fletcher, 1997; Tulving 
et al., 1996). However, although this region is often activated when episodic infor- 
mation is encoded, it is unclear whether the activation reflects the processes involved 
in representing context and other kinds of episodic information or the early consol- 
idation processes that put this information into LTM. Even if the activation does 
reflect representational processes, this does not prove that either the hippocampus 
or the medial temporal lobe cortex plays a critical role in making episodic repre- 
sentations. 

Studies in the monkey suggested that large MTL lesions do impair auditory 
recognition memory (Fritz et al., 1999). Tests of auditory recognition memory in 
patients with MTL lesions showed that auditory recognition, like recognition mem- 
ory in other sensory modalities, is dependent on the MTL. 
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The first lesions in most cases of AD may occur in the medial temporal lobe and 
this may account for amnesia being the most common initial problems in AD 
(Hyman et al., 1984). Unlike patients with pure amnesia, however, AD patients have 
a dementia defined by the compromise of at least one additional, nonmnemonic 
function. Further AD patients also have early damage to cholinergic neurons in the 
basal forebrain and lesions in that area cause declarative memory impairments. 
Therefore, it is difficult to ascribe the amnesia in AD exclusively to medial-tempo- 
ral injuries. 



6.6.2 The amygdala 

It is now clear that the basolateral amygdala is involved in negative and positive 
effect as well as spatial and motor learning and memory. Several structures sur- 
rounding the basolateral amygdala, including the central, medial and cortical nuclei 
are traditionally included in the “amygdaloid complex”. These surrounding struc- 
tures, together with the basolateral amygdala, have come to be called the amygdala. 
The amygdala has been implicated in emotion and emotional memory in humans 
and experimental animals (LeDoux, 1995; LaBar et al., 1995; Morris et al., 1996). 
Emotional arousal and arousal generally is known to strengthen episodic memory 
(McGaugh, 2000). There is evidence that such arousal slows forgetting in the first 
hour or so following learning that is consistent with the arousal enhancing the pro- 
tein synthesis-dependent consolidation process (Kleinsmith &c Kaplan, 1963). A 
number of recent studies have investigated the role of the human amygdala in the 
processing of emotions in facial emotions (see Schmolck & Squire, 2001). Many of 
these patients tended to confuse sadness with disgust and anger and fear with sur- 
prise and anger. 

The emergence of neuroimaging technologies such as PET and fMRI allows the 
study of the normal amygdala in humans. Overall, one can see that amygdala acti- 
vation appears to be reliably produced by presentation of biologically-relevant sen- 
sory stimuli. For example, fMRI signal intensity is greater when subjects view 
graphic photographs of negative material (e.g., mutilated human bodies) compared 
to when they view neutral pictures (Irwin et al., 1996). Human amygdala fMRI sig- 
nal intensities have been shown to be increased during Pavlovian fear conditioning 
in response to stimuli that predict an aversive event (Biichel et al., 1999; LaBar et 
al., 1998). 

Anatomical and imaging studies have shown that the amygdala is a major locus 
of pathology associated with AD (Cuenod et al., 1993; Maunoury et al., 1996; 
Hyman et al., 1990; Van Hoesen et al., 1999). However, rather than affecting the 
entire structure, the neuropathological changes are found mainly in the basolater- 
al group, which is extensively connected to the hippocampal area and the tempo- 
ral lobe. There is relative sparing of the phylogenetically older corticomedial group 
that maintains connections with phylogenetically older CNS regions such as the 
olfactory bulbs and the hypothalamus. This may explain the relative preservation 
of emotional memory found in AD patients. A study designed to investigate 
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whether the emotional content of a text can influence memory in patients affect- 
ed by AD and whether this effect is related to attentional processes as measured 
by event-related potentials (ERP) was performed (Boiler et ah, 2002). The results 
show relatively preserved emotional processing in patients with AD. They further 
show that the emotional content of a context can influence memory performance. 
No evidence was found that this effect is mediated by attention as measured by 
ERP. 

6.6.3 The hippocampus 

The hippocampus is a part of a MTL system necessary for the formation of a stable 
declarative memory in humans and spatial memory in rodents (Scoville &c Milner, 
1957; Squire & Zola-Morgan, 1991; Eichenbaum, 2000). This seahorse-resembling 
structure has one of the highest concentrations of receptors for corticosteroids (glu- 
cocorticoid hormones whose levels elevate in response to stress) in the mammalian 
brain and participates in the glucocorticoid-mediated negative feedback of the hypo- 
thalamus-pituitary-adrenal (HPA) axis (McEwen, 1982). Recent memory for specif- 
ic information (declarative or explicit memory) depends on the temporal lobes, with 
the language-dominant temporal lobe being important for memory of verbal mate- 
rial and the non-dominant temporal lobe for visuospatial materials (Milner, 1972). 
Within the temporal lobe, this memory function is usually related to structures such 
as the hippocampus. However, the lateral temporal neocortex is also part of the 
neural substrate for declarative memory, based on effects of lesions and neuroimag- 
ing (Milner, 1967; Ojemann &; Dodrill, 1987; Kirchoff et al., 2000). Using fMRI, 
hippocampal activity during both traditional and associative recognition memory 
tasks was reported (Stark & Squire, 2001). It seems likely that recall memory, recog- 
nition memory, episodic memory, semantic memory and indeed all of declarative 
memory relies on and benefits from the processing afforded by the hippocampal 
region. 

The human hippocampus has long been associated with episodic memory while 
the hippocampus in rodents has been associated with spatial navigation. O’Keefe 
and Nadel (1978) proposed that a possible link between topographical and episod- 
ic memory is the existence of an allocentric (world-centered) cognitive map stored 
in the hippocampus. They suggested that a spatial system in rats might have devel- 
oped into an episodic memory system in humans with the addition of verbal and 
temporal inputs. This hypothesis predicts that hippocampal damage in humans 
should impair both topographical and episodic memory. According to Moscovitch 
(1992), the hippocampus and related limbic area in the medial temporal lobe and 
diencephalon represent another specialized processing structure. This structure 
automatically encodes previously consciously apprehended information and in 
response to an appropriate cue automatically delivers information back to con- 
sciousness. This output is perceived as a memory, but a memory that is not placed 
in its proper spatiotemporal context. This output gives rise to the feeling of famil- 
iarity. 
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Over time, however, a consolidation process may take place, allowing reactiva- 
tion to occur without medial temporal or diencephalic support (Squire, 1987; 
McClelland et ah, 1995; Schmajuk &c DiCarlo, 1992; Nadel & Moscovitch, 1997). 
It has been argued that the role of the hippocampus in memory is time-limited. Dur- 
ing a period of consolidation, other brain regions such as the neocortex are said to 
acquire the ability to support memory retention and retrieval on their own. An alter- 
native view, based on recent evidence using more sensitive scoring techniques to 
assess remote memory loss following hippocampal complex lesions in humans was 
suggested (Nadel &c Moscovitch, 1997; Moscovitch & Nadel, 1998; Nadel et al., 
2000). To account both for extensive retrograde amnesia and for temporal gradient 
observed in some studies, the multiple trace theory posits that a new hippocampal- 
ly mediated trace is created when old memories are retrieved. Old memories are rep- 
resented by more or stronger traces than are new ones, making them more resistant 
to partial lesions of the medial temporal lobe. 

It has been hypothesized that hippocampal damage produces a deficit only in 
recall memory whereas perirhinal pathology implicates recognition memory as well 
(Aggleton & Shaw, 1996). The possibility that completely spared recognition mem- 
ory in the hippocampal cases simply reflects relatively mild memory impairment 
cannot be excluded. Several human, monkey and rat studies that employed object- 
recognition tasks indicate that the hippocampus plays an important role in recogni- 
tion memory. For example, amnestic patients with relatively limited brain damage 
that includes the hippocampus exhibit impaired recognition memory with long, but 
not short delays (McKee & Squire, 1993). Another study found an equivalent 
impairment in spatial and nonspatial object recognition memory in human patients 
with hippocampal damage (Cave & Squire, 1991). Hippocampal atrophy in AD has 
been associated with impairment of declarative memory functions that are charac- 
teristic symptoms of AD (Squire & Zola-Morgan, 1991). Cholinergic deficiency 
contributes to the memory disturbance of AD (Coyle et al., 1983). Loss of cells in 
the nucleus basalis of Meynert in the basal forebrain in AD produces a decrease in 
choline acetyltransferase and a subsequent deficiency in acetylcholine (Whitehouse 
et al., 1981; Kasa et al., 1997). 



6.6.4 The frontal lobes 

Whereas the results of neuroimaging investigations are largely convergent with the 
clinical findings in amnesic patients that suggest a pivotal role of MTL structures, 
in particular the hippocampal formation, the involvement of the frontal lobe in the 
episodic memory is more controversial. Lesions of the frontal lobes are not usual- 
ly associated with clinically evident amnesia. However, a consistent activation of 
the prefrontal cortex has been found not only during working memory tasks but 
also during long-term episodic learning (Haxby et al., 2000; Cabeza & Nyberg, 
2000; Fletcher & Henson, 2001). The prefrontal cortex receives a dense innerva- 
tion from the brainstem aminergic nuclei, including the serotonergic dorsal and 
median raphe nuclei of the midbrain (Azmitia & Segal, 1978). The prefrontal cor- 
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tex contains a very large density of 5HT1A and 5HT2A receptors located on pyra- 
midal neurons. 

The frontal lobes are commonly associated with executive functioning. For 
instance, the frontal lobes are assumed to play a critical role in mental activities such 
as formulating plans, initiating actions, monitoring ongoing behavior and evaluat- 
ing outcomes (Glisky, 1996). Maintaining and manipulating information in work- 
ing memory are frequently listed as key functions subserved by the frontal lobes. 
Neurophysiological and neuroanatomical evidence suggests that changes in old age 
may occur earlier and progress more rapidly in frontal areas than in most other 
parts of the brain (West, 1996). According to the frontal-lobe hypothesis of cogni- 
tive aging, these distinct patterns of brain aging should be reflected in correspond- 
ingly distinct time courses of changes in mental abilities, with mental functions that 
involve the frontal lobes being particularly susceptible to the effects of normal aging 
(Craik, 1986; West, 1996). The evidence on age effects in prospective memory per- 
formance appears to be reasonably consistent with predictions derived from the 
frontal-lobe hypothesis of cognitive aging. 

Retrieval of information involves the frontal lobes but like the role of the dien- 
cephalons and MTLs in encoding, the frontal lobes are not thought to contribute 
the retrieval strategies needed to access it (Moscovitch, 1995; Wheeler et al., 1997). 
For some time after encoding, retrieval or reactivation also requires the involvement 
of the hippocampal region. Imaging studies of episodic memory, mostly for verbal 
stimuli, suggest a hemispheric encoding-retrieval asymmetry. The left prefrontal cor- 
tex is crucial in encoding and the right prefrontal cortex in retrieval. The HERA 
model developed from these observations has been the focus of a number of imag- 
ing studies that have tried to characterize other factors affecting both the hemi- 
spheric asymmetry and the functional neuroanatomical subdivisions of frontal acti- 
vation. Prevalent right-sided or bilateral activations have been observed during the 
encoding of non-verbal items such as unfamiliar faces or complex scenes (McDer- 
mott et al., 1999; Kirchhoff et al., 2000). However, the left prefrontal cortex is also 
activated in response to non-verbal stimuli such as unfamiliar faces or complex fig- 
ures (Fletcher et al., 1997). Prevalent right prefrontal activation has been associat- 
ed with successful retrieval, retrieval effort or monitoring of the retrieval informa- 
tion (Shallice et al., 1994). Left prefrontal activation has also been observed in stud- 
ies dealing with recognition and source memory (Schacter et al., 1997; Rugg et al., 
1999). Thus, both the material and the type of memory process may affect the lat- 
eralization of frontal activation during memory tasks. 

The prefrontal cortex has been afforded the highest functions of the brain, 
including the capacity for insight, abstraction, self-awareness and complex problem 
solving. Many of the changes seen in aging, including general slowing, decreased 
drive, forgetfulness and deteriorated cognitive functioning, may be frontal lobe 
based. Memory alterations in at least some older adults might be considered a 
frontal lobe system disorder. Most current research demonstrates that damage to the 
frontal lobes does not produce classic amnesia; rather it results in frontal cognitive 
impairments that influence the successful functioning of these memory systems by 
allowing information to be remembered in its appropriate context. Luria (1973) 
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proposed that memorizing (putting information into storage) is not affected by 
frontal lobe damage; rather it is affected by essential, associated, frontal lobe abili- 
ties of motivation, programming, regulation, attention and verification. 



6.7 Amnesia 

Temporally graded amnesia refers to a phenomenon of premorbid memory loss 
whereby information acquired recently is more impaired than information acquired 
more remotely. One account of this phenomenon suggests that memory is stored in 
the same neocortical structures that were involved in processing the relevant infor- 
mation during learning. Initially, the hippocampus serves to bind these cortical 
regions and to allow memory to be reactivated for retrieval. Over time and through 
a process of reorganization, the connections among the cortical regions are pro- 
gressively strengthened until the cortical memory can be reactivated and retrieved 
independently of the hippocampus (Squire and Alvarez, 1995). 

An alternative suggestion is that memories that are initially hippocampus depen- 
dent remain dependent on the hippocampus. Following this hypothesis, older mem- 
ories have a more redundant and spatially distributed representation within the hip- 
pocampus than recent memories. Temporally graded retrograde amnesia occurs 
because a partial lesion of the hippocampus is more likely to spare a remote mem- 
ory than a memory acquired recently (Nadel & Moscovitch, 1997). This hypothe- 
sis predicts that temporally graded retrograde amnesia will not be observed when 
hippocampal lesions are complete. 

Psychological forms of retrograde amnesia can be relatively “pure” in that there 
is no known evidence of cerebral pathology or they can occur in the context of 
either minor or major brain disorder. However, even in the “pure” cases, which are 
the ones often referred to as “psychogenic amnesia”, there is commonly a past his- 
tory of a transient organic memory loss (Markowitsch, 1996). Psychogenic amnesia 
can be situation-specific, e.g. loss of memory for an offence by either the perpetra- 
tor or the victim: in these cases, there is a brief gap in memory for the episode pre- 
sumably as a result of compromised anterograde memory encoding (Kopelman, 
1987). Alternatively, psychogenic amnesia can be “global” encompassing the whole 
of a person’s past, as occurs in a soc-called “fugue” episode, also known as “func- 
tional retrograde amnesia”. 



6.8 Mental imaging 

Most mental imaging appears to arise when LTM information is activated but both 
STM and LTM can be involved in this process (Farah, 1984; Kosslyn et al., 1995). 
For all age groups, words rated high in imagery produced older memories and faster 
reaction times (Rubin & Schulkind, 1997). 

Word memory has been reported to activate event-related brain potentials (Fer- 
lazzo et al., 1993). With respect to localization of imagery, it does not appear to be 
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exclusively a left or right hemisphere phenomenon although some investigators con- 
sidered a posterior lesion in the left cerebral hemisphere a cause for inability to 
evoke images from memory (Farah, 1984). Others reported that left-sided lesions 
impaired verbal memory, with right-sided lesions impairing nonverbal memory 
(Milner, 1971). Gender differences in imaging tasks were usually not observed (Kolb 
& Whishaw, 1990). Some investigators consider memory retrieval to be under the 
control of the prefrontal cortex (Hasegawa et al., 1998). 

Patterns of cerebral activation during mental rehearsal of a motor act were 
reported as similar to those produced by its actual execution (Sirigu et al., 1996). 
Localization of these imagery or memory-related responses has been in the same 
brain areas where the actual sensory stimuli were perceived with enough frequency 
that they have been considered to involve similar representational and neural mech- 
anisms (Phelps & Mazziotta, 1985; Behrmann et al., 1994). In general, less cerebral 
glucose utilization was measured in frontal cortical regions using PET scanning 
when a cognitive task involved passive rather than active stimulus perception 
(Mazziotta & Phelps, 1984; Phelps & Mazziotta, 1985; Mazziotta et al., 1982). 

6.9 Memory alterations in aging 

Memory changes occur as a part of normal aging, as well as part of dementing 
processes. Many older adults experience subtle yet disturbing symptoms of forget- 
fulness while continuing to lead active and intellectually demanding lives. Attempt- 
ing to understand and interpret age-related memory decline, Craik and Lockhart 
(1972) proposed the level-of-processing hypothesis. According to this hypothesis, a 
series or hierarchy of processing stages in memory exists, where greater levels or 
“depth” implies a greater degree of semantic or cognitive analysis. Memory is seen 
as a product of processes of information extraction and elaboration carried out for 
the purpose of perception and comprehension of environmental information and 
events. Depth of processing determines the nature and durability of the information 
in memory. Along these lines, it can be hypothesized that normal, older adults 
engage in less extensive and less efficient initial processing of the material to be 
learned, resulting in degraded memory traces that are more difficult to retrieve. 
Some evidence suggests that cognitive speed and memory performance decline with 
age but that crystallized abilities remain largely intact in those who survive for long- 
term follow-up (Christensen, 2001). Variability in test scores for memory and speed 
increases with age. Poor health, fewer years of education, lower activity, the pres- 
ence of the Apo E4 allele and blood pressure appears to predict faster cognitive 
decline (Christensen, 2001). 

Decrements with age are observed in measures of episodic memory (verbal and 
nonverbal), visuospatial ability, confrontation naming and especially speeded psy- 
chomotor performance (Salthouse, 1992; 1994). In light of reduced processing 
resources that older adults are thought to have, age-related deficits in remembering 
to perform an action could be due to older adults having fewer resources available 
for the prospective memory task and not to inherent deficit in retrieving prospective 
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(Craik, 1986; Craik 6c Jennings, 1992). However, the deficits usually are small in 
magnitude and appear not to result in impaired function. Age-associated cognitive 
changes do not appreciably affect the ability to carry out usual activities of daily liv- 
ing (Rubin et al., 1993). 

Research in which the effects of age on working memory were assessed has 
shown consistent age differences in working memory performance (Craik Sc Jen- 
nings, 1992; Salthouse, 1994). Children, adolescents and older adults all have small- 
er memory spans than do young adults. Relative to young adults, both children and 
older adults show more pronounced age deficits in spatial memory than in verbal 
memory (Hale et al., 1997). Although the mechanisms underlying the relationship 
between processing speed and working memory are not fully understood, it has been 
suggested that faster processors may activate and rehearse information quicker than 
slower processors (Dempster, 1981; Salthouse, 1994). 

A potentially serious confound for aging studies relates to the possibility that 
study samples are note entirely normal but instead are contaminated with subjects 
who have unrecognized early-stage dementia. Because the incidence of AD increas- 
es dramatically with age, some supposedly “normal” subjects older than 75 years 
almost certainly include some with cognitive impairment of AD. This group of very 
mildly affected persons exaggerates the cognitive decline that is attributed to age. 
Underestimation of normal cognitive function in elderly subjects owing to the 
inclusion of poor performances of those with preclinical dementia limits the recog- 
nition of mild impairment because it falls in the normal range (Silwinski et al., 
1996). Subjects who are studied longitudinally and who later are known to have 
dementia may be excluded from these assessment in order to yield uncontaminat- 
ed data. 

The findings from several studies are consistent with the hypothesis that sub- 
stantial cognitive decline does not occur in the majority of elderly individuals who 
escape developing a dementing disorder (Ganguli et al., 1996; Haan et al., 1999; 
Howieson et al., 1997). However, although subjective memory loss alone is unlike- 
ly to be a useful clinical predictor of dementia, memory complaints may predict the 
development of dementia and clinicians should monitor these elderly subjects more 
closely (St John 6c Montgomery, 2002). Further research is needed into further 
refining clinical predictors of those who will develop dementia. 



6.10 Discussion 

Whereas declarative memory is tied to a particular brain system, nondeclarative 
memory refers to a collection of learned abilities with different brain substrates. For 
example, many kinds of motor learning depend on the cerebellum, emotional learn- 
ing and the modulation of memory strength by emotion depend on the amygdala 
and habit learning depends on the basal ganglia. These forms of nondeclarative 
memory that provide for myriad unconscious ways of responding to the world are 
evolutionarily ancient. By virtue of the unconscious status of these forms of memo- 
ry, they create some of the mystery of human experience. From them arise the dis- 
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positions, habits, attitudes and preferences that are inaccessible to conscious recol- 
lection, yet are shaped by past events, influence our behavior and our mental life. 

Cognitive decline related solely to aging remains a controversial topic. A clear 
conclusion from studies of neuropsychologic function in the elderly is that aging- 
related declines are not inevitable and that when they do occur, it is age-related dis- 
eases that are often responsible (Howieson et al., 1993; Rubin et al., 1998). Patients 
with memory complaints need a careful cognitive assessment. It is not appropriate 
to assume that memory complaints, at any age, are caused by senescence. 

The working memory model has been used to explain STM deficit both in nor- 
mal ageing and in Alzheimer patients and to determine which component or com- 
ponents might be affected in either case (Anderson &c Craik, 2000; Craik, 1977, 
1994; Vallar & Papagno, 1995). In the first case, the elderly have a poorer perfor- 
mance when, for example, they are asked to carry out two tasks (dual task proce- 
dure) indicating that the central executive is performing less adequately in the elder- 
ly than in the younger group. It has been suggested that low performance rates 
attained by AD patients in the Brown-Peterson task is due to a dysfunction of the 
central executive which would otherwise allow the subject to review the items while 
doing the distracting task (Morris, 1986). Manipulating the complexity of the task, 
it was observed that the more difficult it was, the lower was the performance of AD 
patients in serial recall of the items. Some studies have also examined the phono- 
logical loop and central executive functioning in AD and have noted a deficit in both 
components. 

Results of studies performed with PET suggest left hemisphere preponderance 
for the retrieval of semantic information and a right hemispheric preponderance for 
the retrieval of episodic information (Fletcher et al., 1995; Tulving et al., 1994; 
1996). The HERA hypothesis was based on findings that the left frontal region was 
particularly involved in the encoding of episodic memories whereas the right frontal 
region together with the precuneus was of particular importance in episodic 
retrieval. Lateralization of memory-related activations may not depend on whether 
encoding or retrieval are primarily being engaged but more on whether verbal or 
hard-to-verbalize materials are being processed and whether this processing relates 
primarily to encoding or retrieval may not matter (Kelley et al., 1998). Nolde et al. 
(1998) have also argued that the extent of left PFC activations during retrieval prob- 
ably increases as the executive demands of retrieval increase. For example, 
“Yes/No” recognition increases left-sided activation relative to forced choice recog- 
nition and the same applies when free recall is compared with cued recall or when 
more complex kinds of information such as the temporal location or source of items 
have to be retrieved. 

The ability to remember previously learned words relies on a distributed neural 
network that includes modules in the prefrontal cortex and MTL (Buckner & 
Wheeler, 2001). Neural neuroimaging studies of word retrieval in episodic memory 
tasks have documented several neural substrates underlying simple recognition, 
cued recall or free recall of previously studies words. One mechanism common to 
all three retrieval modes is the activation of anterior (Broadmann’s area (BA10) and 
posterior (BA 44/6) dorsolateral prefrontal cortex modules, each of which con- 
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tributes to distinct aspects of the recollective experience (Buckner &c Wheeler, 2001). 
Activation of MTL structures is correlated with retrieval success and hippocampal 
recruitment is linked to the detailed recollection of an episode in contrast to a gen- 
eral sense of familiarity (Nyberg et al., 1996; Eldridge et al., 2000). A recent PET 
study suggests that word repetition and semantic encoding increase recall accuracy 
during subsequent word retrieval via distinct hippocampal mechanisms and that 
ventral tegmentum activation is relevant for word retrieval after semantic encoding 
(Heckers et al., 2002). These data confirm the importance of hippocampal recruit- 
ment during word retrieval and provide novel evidence for a role of brainstem neu- 
rons in word retrieval after semantic encoding. 




Chapter 7 

Mild cognitive impairment 



7.1 Introduction 

Identifying older people at high risk for AD is important for both the patients and 
their carers as it may allow therapeutic intervention in the very early stages of the 
disease which in turn may delay or even prevent the onset of the disease process. In 
the worst case it allows for the planning of patient care. Such identification is cur- 
rently hampered by the use of inadequate and inconsistent criteria for MCI. Nine 
such criteria have been developed and a number of other terms have been used to 
describe cognitive dysfunction in older individuals. Table 7.1 describes these terms. 

The term “preclinical” has been used to describe a period of mild cognitive 
decline prior to dementia diagnosis (Elias et al., 2000; Small et al., 2000). The con- 
cept of preclinical AD has been derived from epidemiological studies that showed 
that more than 10 years can pass between the onset of MCI and the diagnosis of 
dementia. Although preclinical AD cases have substantial SPs and NFTs, the disease 
process has not yet produced measurable neuronal loss and these individuals remain 
nondemented without cognitive impairment or decline (Morris & Price, 2001). 
There is converging evidence that preclinical AD is characterized by a common 
behavioral phenotype, with cognitive decline in several domains, predominantly in 
episodic memory (Almkvist et al., 1998). The decline appears to start many years 
before the clinical onset of AD. Moreover, the progression of the impairment 
appears to be continuous. The main opportunities for studying the preclinical stage 
of AD have come with longitudinal studies of aging and the study of individuals 
genetically susceptible to AD (Bondi et al., 1994; Horn et al., 1994; Newman et al., 
1994). The study of individuals with mutations on the Apo E4 allele on chromo- 
some 19 that appears to be a susceptibility gene for AD offers the opportunity to 
study people at risk by virtue of being carriers of this genotype (Corder et al., 1993). 
Study of elderly population is another useful procedure because of the particularly 
high risk of very late onset AD associated with advanced aging. 

MCI is typically defined by the following criteria: complaints of memory prob- 
lems, memory performance below age-based reference norms, normal performance 
in other cognitive domains, absence of impairment in instrumental and basic activ- 
ities of daily living and no diagnosis of dementia (Peterson et al., 1997; Peterson, 
2000). These criteria differ from those proposed for a variety of other approaches 
to MCI such as AAMI or AACD. AAMI requires defective memory performance rel- 
ative to people under age 50 (Crook et al., 1986; Feher et al., 1994). AACD requires 
defective performance in any cognitive domain, with norms based on the perfor- 
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Table 7.1: Diagnostic and descriptive terminology for MCI in older people. 



Terminology Reference 



Aging Associated Cognitive Decline (AACD) 
Age-Associated Memory Impairment (AAMI) 
Age-Consistent Memory Decline (ACMD) 
Age-Consistent Memory Impairment (ACMI) 
Age-Related Cognitive Decline (ARCD) 
Age-Related Memory Decline (ARMD) 
Benign Senescent Forgetfulness (BSF) 

Isolated Memory Decline (IMD) 

Isolated Memory Impairment (IMI) 

Isolated Memory Loss (IML) 

Limited Cognitive Disturbance (LCD) 

Late Life Forgetfulness (LLF) 

Mild Cognitive Impairment (MCI) 

Minimal Dementia (MD) 

Mild Neurocognitive Disorder (MND) 
Questionable Dementia (QD) 



Levy (1994) 

Crook et al. (1986) 

Crook (1993) 

Blackford and La Rue (1989) 

American Psychiatric Association (1994) 
Blesa et al. (1996) 

Krai (1962) 

Small et al. (1999) 

Berent et al. (1999) 

Bowen et al. (1997) 

Gurland et al. (1982) 

Blackford and La Rue (1989) 

Reisberg et al. (1982) 

Roth et al. (1986) 

American Psychiatric Association (1994) 
Morris et al. (1993) 



mance of age-matched elders (Levy, 1994; Richards et al., 1999). Yet another defi- 
nition for MCI is “questionable dementia”, which involves mild deficits in cognitive 
and functional status. This state is recognized in the 0.5 category of the CDR 
(Hughes et al., 1982). In spite of intense research, the boundary area between aging 
and AD remains poorly delineated. Accurate characterization of the limit between 
normal aging and the very early stages of dementia of the Alzheimer type has been 
difficult particularly because many of the early cognitive signs of dementia overlap 
with modifications observed in normal aging (La Rue et al., 1992). The best future 
opportunities for treatment of AD may exist in the presymptomatic, earliest stage of 
the disease before further, irreversible brain damage has occurred. However, there 
are no definitive early diagnostic markers for the disease. The early diagnosis of AD 
in the elderly is complicated by the need to differentiate common age-related cogni- 
tive decline from pathological deficits. A study reported that 30% of individuals 
over the age of 65 years were found to have cognitive deterioration without meet- 
ing diagnostic criteria for dementia (Ebly et al. 1995). The average age of these 
“cognitively impaired not demented” subjects was 80.5 years. It is unknown how 
many of these individuals will progress to dementia. In addition, large numbers of 
elderly persons fear that occasional lapses of memory presage impending cognitive 
decline. Therefore, the ability to identify individuals at very low risk for dementia 
could provide important reassurance to these persons. 

There is some skepticism about the diagnosis of preclinical AD in a clinical set- 
ting. Some clinicians feel that preclinical AD cannot be distinguished from mild 
dementia. In this view, subjects with a diagnosis of preclinical AD are in fact 




Mild cognitive impairment 



97 



demented subjects. In addition, it may be difficult to distinguish subjects with pre- 
clinical AD from subjects who have MCI that is nonprogressive and that is, for 
example, caused by normal aging or mild affective disorders. A major question 
therefore is whether preclinical AD is a diagnostic entity in a clinical setting. A study 
designed to investigate whether the preclinical stage of AD can be diagnosed in a 
clinical setting assessed the memory of 23 subjects with preclinical AD, 44 subjects 
with nonprogressive MCI and 25 subjects with mild AD-type dementia (Visser et al., 
2001). Age and delayed recall performance were the most useful variables for dis- 
tinguishing subjects with preclinical AD from subjects with nonprogressive MCI. 
The overall accuracy was 87%. The score on the Global Deterioration Scale and a 
measure of intelligence could best discriminate between subjects with preclinical AD 
and subjects with very mild AD-type dementia. The overall accuracy was 85%. 
Therefore, subjects with preclinical AD can be distinguished from subjects with 
nonprogressive MCI and from subjects with very mild AD-type dementia. These 
data suggest that preclinical AD is a diagnostic entity for which clinical criteria 
should be developed. 

Follow-up of MCI subjects has demonstrated that progression toward a clearly 
demented state occurred in about two to three subjects (Rubin, 1989). Those who 
deteriorated, in retrospect, were considered to be in the “amnestic plateau” phase 
of AD (Morris et al., 1991). About 1/3 of AD subjects in fact show such an isolat- 
ed mild memory deficit for the first few years and then manifest a more global cog- 
nitive decline (Haxby et al., 1992). Such decline is a predisposition to dementia since 
it has been reported that about half of MCI subjects develop dementia of the 
Alzheimer’s type within 3 to 5 years of diagnosis (Chertkow, 1998). 



7.2 Boundary between normal aging and MCI 

The boundary between normal aging and very early AD is becoming a central focus 
of research. The transition from normal cognition to AD is gradual (Petersen, 2000; 
Ritchie &c Touchon, 2000). There is no simple way to define the upper boundary of 
MCI in very old age. Usually, it is acceptable to define a limit by statistical means. 
If the mean test results for a patient are to be found between 1 and 2 standard devi- 
ations (SD) below the mean or below 1 or 1.5 SD (without a diagnosis of demen- 
tia), then MCI is diagnosed. However, it is a complex question whether it is correct 
to distinguish on one hand, a normal deterioration which advances with age and, 
on the other hand, degenerative diseases and lesion-related brain impairments which 
account also for a performance reduction. 

The term MCI may, and often does, involve other cognitive domains besides mem- 
ory including deficits in language, attention, motivation, affect and executive function. 
A number of studies have noted motor deficits in older people who meet criteria for 
MCI. Older adults meeting criteria for MCI performed worse than normal elderly 
patients on tasks involving fine and complex motor skills (mainly tests of manual dex- 
terity) (Kluger et al., 1997). AD patients, by contrast, scored more poorly than nor- 
mal elderly patients on tests of more rudimentary motor control. These findings sug- 
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gest a gradient of motor as well as cognitive performance in which MCI patients again 
fall between normal elderly patients and people who meet criteria for AD. 

MCI is considered to be a transitional stage between normal aging and demen- 
tia. MCI patients have a higher rate of progression to AD (12-15% per year) than 
elderly persons without memory disorders (1-2% per year) (Petersen et al., 1999; 
2001). Some studies show that people with MCI who ultimately progress to AD 
show mild functional deficits (such as occasional need for help or need for cuing and 
supervision in activity) and reductions in physical activity before AD (Touchon & 
Ritchie, 1999; Friedland et al., 2001). The significance of MCI lies in the identifi- 
cation of patients at high risk for developing dementia and in the potential for treat- 
ing these patients so as to prevent further decline. Subjects with MCI followed for 
up to 4 years have a high risk of progressing to dementia with an annual conversion 
rate ranging from 6% to 25% (Petersen et al., 2001). Therefore, these data strong- 
ly suggest that MCI, at least when it is restricted to people who meet criteria for 
CDR 0.5 is a dementia prodrome rather than a benign variant of aging. 

Brain potentials and reaction time were examined in elderly controls and MCI 
using a target detection paradigm (Golob et al., 2002). Subjects listened to a 
sequence of tones and responded to high-pitched target tones that were randomly 
mixed with low-pitched tones. Measures were a pre-stimulus readiness (RP), post- 
stimulus potentials (P50, N100, P200, N200, P300) and reaction time. In the target 
detection task, MCI subjects were distinguished from healthy elderly controls by sig- 
nificantly larger P50 amplitudes and longer P50 latencies. Significantly longer P300 
latencies and somewhat longer reaction times were also observed. 

The differences in brain electrical activity between MCI and AD during rest con- 
dition (eyes closed) were analyzed in two studies (Jelic et al., 1996; Zappoli et al., 
1995). They showed that there are clear differences in spectral power (relative 
power) of the theta band (4-8 Hz) between AD patients and subjects with MCI as 
well as between AD patients and healthy subjects (Jelic et al., 1996). Differences 
between subjects with MCI and healthy controls could not be observed in this study. 
However, Zappoli et al. (1995) found no differences in theta power (4-7.5 Hz) 
between AD patients and patients with MCI. Grunwald et al. (2002) suggest that 
neuropsychological tests are sensitive to early perceptive-cognitive and functional 
deficits in subjects with MCI. 

According to Bozoki et al. (2001), elderly subjects with MCI involving domains 
other than memory are two or more times as likely to develop AD within 2-5 years 
compared to those with memory impairment alone. Recent clinical research has 
established that MCI, particularly when associated with verbal memory impair- 
ment, is a risk factor or precursor for AD (Bozoki et al., 2001; Petersen et al., 1999). 



7.3 Neuropsychological markers 

One means of clarifying this distinction is by identifying those cognitive changes 
that enable the prediction of which elderly persons will develop dementia before 
they come to clinical attention. One possible way of detecting highly sensitive mark- 
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ers of AD with tests such as the California Verbal Learning Test (CVLT) involves the 
administration of neuropsychological tasks to populations of apparently intact 
elderly individuals who are at high risk for the disease. A number of studies have 
reported that memory decline is one of the earliest changes in persons who become 
demented (Hanninen et ah, 1995; Masur et ah, 1994; Petersen et ah, 1994). A 
prospective, longitudinal study of healthy individuals examined at yearly intervals 
with sensitive neuropsychological tests indicated that individuals who subsequently 
developed dementia showed evidence of verbal memory impairment at their initial 
examination which was of 2.8 years before clinical evidence of dementia (Howieson 
et al., 1997). Performance of individuals who did not develop dementia remained 
relatively stable during follow-up for up to 5 years. This study suggests that AD has 
a preclinical stage in which verbal memory decline is the earliest sign. The measures 
that showed significant group differences were the Boston Naming Test, CERAD 
Word-List Delayed Recall, WAIS-R Picture Completion and Block Design, and 
WMS-R Logical Memory I and II and Visual Reproduction I. Of these, the measure 
that contributed the most to the classification of subjects who subsequently became 
demented from those who did not was the story recall task (WMS-R Logical Mem- 
ory II). Performance on this task was better at classifying who would subsequently 
become demented than age. The other cognitive variable that distinguished the sub- 
jects who subsequently became demented from those who maintained their cogni- 
tive status was confrontational naming (Boston Naming Test). 

Normative data were collected in a study population of 150 randomly selected 
elderly subjects (Zaudig, 1992). Using the SID AM (Structured Interview for the 
Diagnosis of Dementia of the Alzheimer Type, multi-infarct dementia, and demen- 
tias of other etiology according to DSM-III-R and ICD-10), both the dimensional 
and the categorical aspects of dementia and MCI were considered. With the SID AM 
score (SISCO) (range 0-55, maximum, no cognitive impairment) and the SID AM 
Mini Mental State Examination (MMSE) (range 0-30), appropriate cutoffs for the 
category of DSM-III-R and ICD-10 dementia and MCI were defined. MMSE scores 
of 0-22 were found to be indicative of DSM-III-R and ICD-10 dementia. For MCI, 
MMSE score of < 22 was found to differentiate between DSM-III-R/ICD-10 demen- 
tia and MCI with a specificity of 92% (ICD-10, 95.6) and a sensitivity of 96% 
(ICD-10: 96%). For MCI, a SISCO between 34-51 was found. The SISCO covers a 
broader range of cognitive functions than the MMSE and is more useful in detect- 
ing even very mild cognitive decline. Furthermore, the newly defined category of 
MCI could be validated successfully by means of GDS stages 2-3 and CDR stage 
0.5. These findings confirm the value of the SID AM as a short diagnostic instrument 
for measurement and diagnosis of dementia and MCI. 

Recent longitudinal studies have demonstrated that complaints of word-finding 
difficulty and reduced memory of recent events correlated with development of 
severe dementia to a greater degree than did early changes in affect (Persson & 
Skoog, 1992). The development of dementia in the elderly can be predicted with 
some success on the basis of changes in specific neuropsychological test scores well 
before the appearance of clinically significant cognitive change. Evaluation of a 
cohort of normal elderly persons with the Blessed Information-Memory-Concentra- 




100 



Chapter 7 



tion Test (BIMC) has been useful in identifying those at high risk for the develop- 
ment of SDAT (Blessed et al., 1968; Fuld, 1978, Katzman et ah, 1989). Recall scores 
from both the Fuld Object Memory Evaluation (FOME) and the Buschke Selective 
Reminding Test (SRT) have predicted the development of dementia 1 year before 
clinical onset at a level of about four times the base rate of the disease for this pop- 
ulation (Fuld, 1981; Buschke, 1973; Buschke & Fuld, 1974; Fuld et al., 1990; 
Masur et al., 1990). A preliminary study using the WAIS demonstrated that the 
Information and Digit symbol subtests were the most robust preclinical predictors 
of dementia (Masur et al., 1990a). Clinicopathologic evidence for the preclinical 
detection of dementia has been tentatively demonstrated by moderate negative cor- 
relations between recall scores on the FOME and the presence of cortical plaques in 
subjects with some degree of cognitive change but who did not develop dementia 
(Crystal et al., 1988; Fuld et al., 1987). In a study that assessed neuropsychological 
performance in 317 initially nondemented elderly persons and followed them for at 
least 4 years as part of the Bronx Aging Study, it was reported that it was possible 
to predict which patients would develop AD (Masur et al., 1994). Four measures of 
cognitive function from the baseline assessment (delayed recall from the Buschke 
SRT, recall from the FOME, the Digit symbol subtest from the WAIS and a verbal 
fluency score) can identify one subgroup with an 85% probability of developing 
dementia over 4 years and another with a 95% probability of remaining free of 
dementia. This study clearly demonstrates that baseline measures of cognitive func- 
tion, often performed many years before the actual diagnosis of dementia, can pro- 
vide important information about demential risk. The group likely to develop 
dementia becomes a target for preventive or early therapeutic interventions, and the 
group unlikely to develop dementia can be reassured. 

In a study designed to determine the association between cognitive dysfunction 
and motor behavior in older adults, 41 cognitively normal elderly, 25 nondemented 
patients exhibiting MCI and at risk for future decline to dementia and 25 patients 
with mild AD were examined using a wide array of motor/psychomotor and cogni- 
tive assessments (Kluger et al., 1997). The outcome measures included 16 
motor/psychomotor tests categorized a priori into gross, fine, and complex, as well 
as eight cognitive tests of memory and language. Relative to the normal group, MCI 
subjects performed poorly on cognitive, fine and complex motor measures but not 
on gross motor tests. AD patients performed worse on cognitive and all motor 
domains. Differences in complex motor function persisted after adjustment for per- 
formance on cognitive and on less complex motor tests. Motor/psychomotor assess- 
ments were observed to be comparably sensitive to traditional tests of cognitive 
function in identifying persons affected by the earliest stages of AD pathology and 
may improve identification of at-risk nondemented elderly. 

A study performed in 1159 elderly residents around Bordeaux in south-western 
France, which used the logistic regression with backward stepwise approach, 
showed that the clinical diagnosis of dementia or AD was preceded by a preclinical 
stage of at least 2 years detectable by psychometric testing (Fabrigoule et al., 1998). 
It also showed that preclinical deficits in dementia and AD reflect the deterioration 
of a general cognitive factor, which may be interpreted as the disturbance of central, 
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control processes. The digit symbol substitution test (DSST) and Isaacs Set Test 
(1ST) scores characterize the principal component analysis (PCA) factor 1 better 
than the other tests test scores, since their loadings on this factor were at least twice 
as large as the loadings of any other factor. The Benton Visual Retention Test 
(BVRT) and Zazzo’s Cancellation Task (ZCT) timescores are very close to fulfilling 
these criteria. From a neuropsychological perspective, this stage seems to be char- 
acterized by a homogeneous deterioration of cognition that could be interpreted as 
an impairment of control processes. 

A longitudinal study of asymptomatic individuals at risk of autosomal dominant 
FAD was performed to assess clinical and neuropsychological features of the disease 
(Fox et al., 1998). Over a 6-year period, 63 subjects underwent serial assessments. 
Individuals who later became clinically affected already had significantly lower ver- 
bal memory (p = 0.003) and performance IQ (p = 0.030) scores at their first assess- 
ment when they were ostensibly unaffected. Subsequent assessments showed pro- 
gressive decline in multiple cognitive domains. These findings imply that in FAD 
cognitive decline predates symptoms by several years and that verbal memory 
deficits precede more widespread deterioration. 

A recent study that investigated the retrieval and encoding of episodic memory 
in normal aging and patients with MCI suggests that encoding of episodic memory 
may be impaired in MCI patients (Wang & Zhou, 2002). There was significant 
decline in the function of orientation, language and praxis besides memory impair- 
ment in the MCI group. Impairment of encoding and retrieval of episodic memory 
was also observed in the MCI group. It was suggested that MCI might be a transi- 
tional state from normal aging to AD. 

Intellectual decline in certain domains has been described as an inevitable conse- 
quence of normal aging but the severity of these changes varies widely among indi- 
viduals. Up to the age of 67, there is a 90% overlap in many cognitive dimensions 
between younger and older subjects. Studies using the WAIS suggest that the verbal 
IQ remains relatively stable over time while the performance IQ declines (Storandt, 
1977). There is some decline of inductive reasoning test scores but performance 
remains fairly stable until the late 70s. Even by the age of 81, between 60-70% of 
people maintain their previous abilities over time. 



7.4 Eyeblink classical conditioning 

Eyeblink classical conditioning is a useful paradigm for the study of the neurobiol- 
ogy of learning, memory and aging which also has application in the differential 
diagnosis of neurodegenerative diseases expressed in advancing age. 

Investigators who first reported adult age effects in eyeblink conditioning com- 
pared young and older adults in the delay paradigm in which the tone conditioned 
stimulus (CS) begins first and is then overlapped about half a second later with the 
corneal airpuff unconditioned stimulus (US). The main important finding was the 
relative inability of the older participants to acquire conditioned responses (CRs). In 
eyeblink classical conditioning, the learned response or CR is a blink response to the 
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CS before the onset of the US. The inability of older adults to acquire CRs in the 
delay eyeblink classical conditioning procedure is somewhat unexpected because 
classical conditioning is considered to be a relatively simple form of learning. When 
distinctions are made between declarative (explicit) and nondeclarative (implicit) 
forms of learning and memory with classical conditioning in the delay procedure 
labeled as a nondeclarative form, large age differences in eyeblink conditioning con- 
tradict the perspective that nondeclarative forms of learning and memory are rela- 
tively spared in old age (Woodruff-Pak &c Finkbiner, 1995; Cohen &c Squire, 1980; 
Squire & Zola-Morgan, 1991). The conclusion that nondeclarative forms of learn- 
ing and memory were stable was based on studies of repetition priming (Graf, 1990; 
Light & La Voie, 1993). Data on eyeblink classical conditioning assessed over the 
entire adult age span indicated that the age differences appeared as early as middle 
age. Using the delay eyeblink conditioning paradigm with a 400-ms interval 
between a tone CS and corneal airpuff US in adults ranging from 18 to 83 years of 
age, it was found that age differences in acquisition in eyeblink conditioning 
emerged in the age decade of the 40s (Woodruff-Pak &c Thompson, 1988; Solomon 
et al., 1989). 

A case study was presented in which eyeblink conditioning detected impending 
dementia six years before changes on other screening tests indicated impairment 
(Woodruff-Pak, 2001). A participant who was tested on eyeblink classical condi- 
tioning over a 10-year provided evidence that performance in the 400-ms delay pro- 
cedure detects AD early in its course before declarative memory measures show 
impairment. Because eyeblink conditioning is simple, non-threatening and non-inva- 
sive, it may become a useful addition to test batteries designed to differentiate nor- 
mal aging from MCI that progresses to AD and AD from other types of dementia. 



7.5 A standardized clinical assessment? 

To identify aspects of a standardized clinical assessment that can predict which indi- 
viduals within the category of questionable AD have a high likelihood of converting 
to AD over time, detailed semi-structural interviews were performed at baseline and 
annually for three years (Daly et al., 2000). Likelihood of progression to AD during 
the follow-up period was strongly related to the Total Box score. For example, more 
than 50% of individuals with a Total Box score of 2 or higher at baseline developed 
AD during the follow-up interval, whereas about 10% of individuals with a Total 
Box score of 1 or lower developed AD during this same period. Selected questions 
from the standardized clinical interview also were highly predictive of subsequent 
conversion to AD among the study population. Of the 32 questions examined, only 
8 questions (see Tables 7.2 and 7.3) differed significantly between the normal, ques- 
tionable and converter groups. These eight selected questions from the clinical inter- 
view at baseline, combined with the CDR Total Box Score, identified 88.6% of such 
individuals accurately. Five of the questions that significantly discriminated the three 
groups from one another pertained to the category of judgment and problem solv- 
ing, two to home and hobbies and one to personal care. None of the questions that 
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Table 7.2: Some studies showing cognitive markers preceding AD 



Cognition 

affected 


Experimental design 


Results 


References 


Verbal memory 


Prospective, longitudinal 
study of healthy 139 
individuals (65-106 years) 
examined at yearly intervals 
with neuropsychological 
tests selected to be sensitive 
to the early detection of 
dementia. 


Individuals who subsequently 
developed dementia showed 
evidence of verbal memory 
impairment at their initial 
examination, which was a 
mean of 2.8 years before 
clinical evidence of dementia. 


Howieson 
etal., 1997 


General 


The study of cognitive per- 


The clinical diagnosis of 


Fabrigoule 


cognitive 

factor 


formances of 1159 elderly 
subjects (all > 65 years old) 
in the PAQUID (Personnes 
Agees quid) cohort, at a 
fixed lag time of 2 years 
before the clinical diagnosis 
of dementia. 


dementia or AD was pre- 
ceded by a preclinical stage 
of at least 2 years detectable 
by psychometric testing. 


etal., 1998 



differentiated the three groups from one another pertained to the category of mem- 
ory, orientation, or community affairs. For example, questions from the category of 
memory significantly differentiated the normal from the questionable group (p < 
0.001) and the normal from the converter group (p< 0.001) but not the question- 
able from the converter group (p = 0.08). Therefore, a standardized clinical assess- 
ment can be used to identify the subgroup of individuals within the category of 
questionable AD who have a high likelihood of converting to AD over time. After 
a 3 -year follow-up, 15% improved, 29% remained the same, and 55% had pro- 
gressive difficulty with memory, including 19% who converted to AD. The CDR 
Total Box score at baseline, combined with eight selected questions from the clini- 
cal interview at baseline, identified 88.6% of such individuals accurately. This accu- 
racy was based on a semi-structured evaluation that can be applied by a skilled clin- 
ician in any clinical setting. 



7.6 Discussion 

A reason to investigate MCI, especially in adulthood, is that job demands in mod- 
ern life are much more cognitively demanding than in the past. MCI mostly leads to 
job loss and probably to early retirement (Reischies, 1999). Early detection of AD 
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Table 7.3: Questions that differed significantly between the normal , questionable and con- 
verter groups (Daly et al. f 2000) 



Groups 



Questions 



Judgment and problem solving 



1. Does the subject have increased difficulty handling 
problems (e.g., an increased reliance on others to help 
solve problems or make plans)? 

2. Is there a change in the pattern of driving not 
secondary to visual difficulty (e.g., increased cautious- 
ness, trouble making decisions)? 

3. Is the subject's judgment as good as before or is there 
a change? 

4. Is the subject having increased difficulty managing 
finances (e.g., maintaining a checkbook, making 
complicated financial decisions, paying bills)? 

5. Does the subject have more difficulty handling 
emergencies (e.g., makes unsafe decisions, needs 
increased cueing)? 



Home and hobbies 1. Is the subject having increased difficulty performing 

household tasks (e.g., cooking, learning how to use 
new appliances)? 

2. Has there been any change in the subject's ability to 
perform hobbies (e.g., decreased participation in 
complex hobbies, increased difficulty following rules of 
games, reading less or needing to reread more)? 



Personal care 



1. Does the subject now need prompting to shave or 
shower? 



has multiple advantages. When new treatments are found for AD, it will be good to 
provide these to individuals at risk of developing the disorder to prevent that 
irreparable damage ensues; it may be possible in the future to prevent this disease in 
persons at risk. Identifying dementia in its preclinical stages will increase in impor- 
tance as early pharmacological treatments of dementia emerge. The detection of 
subthreshold diseases as in the development of AD may be improved by the inte- 
grated information gained from neuropsychological examination and follow-up 
data such as the speed of cognitive or mnestic decline, brain imaging techniques and 
neurochemical markers. It is still unclear which is the earliest symptom of a deteri- 
orating time course in MCI. Various parameters may be considered as follows: cer- 
tain neuropsychological dysfunctions, the speed of cognitive decline or indicators of 
dysfunction of certain CNS subsystems, assessed in electrophysiological or func- 
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tional magnetic resonance research or markers of neuronal dysfunction or neuronal 
damage, as a final common pathway of degenerating diseases. 

Given the considerable differences between the inclusion and exclusion criteria 
of published classification systems, there is surprising consensus regarding the cog- 
nitive, genetic and cortical correlates of MCI. Episodic memory impairment, hip- 
pocampal atrophy and the Apo E4 allele are all consistently shown to be associated 
with cognitive impairment in older people. Although there is substantial variability, 
the rate of expression of these outcome measures in older people with MCI is broad- 
ly similar to that observed in patients with clinically diagnosed AD. For example, 
criteria that require the individual to display moderate deficits report a higher rate 
of progression to AD, and a lower estimated rate of prevalence than classification 
systems that require only mild impairment (Almkvist et al., 1998). A large propor- 
tion of older individuals with MCI do not progress to develop clinically recogniz- 
able AD, regardless of the severity of their deficit (Collie & Maruff, 2000). Two rea- 
sons may explain such findings. First, the period of time between classification of 
impairment and determination of clinical outcome in many studies may not have 
been sufficient for all incipient cases of AD to be expressed clinically. Second, the 
systems for classifying cognitive impairment may not be specific to the preclinical 
stages of AD. As a result of these factors, accurate and consistent estimates of the 
outcome of MCI in otherwise healthy older people are yet to be obtained. 

Changes in frontally mediated behaviors are common in very early and mild 
stages of cognitive impairment, even before functional decline in daily living is evi- 
dent (Ready et al., 2003). These behaviors deserve more study in MCI because they 
may have implications for prognosis, treatment adherence, family distress, and 
patient quality of life. People with MCI are not sure what to make of their condi- 
tions, whether it is part of normal aging or the first signs of AD. The label “MCI” 
gives them a medical condition without a clear guidance on how to interpret or treat 
it. Patients are left with a disease label with unclear clinical significance. People with 
MCI then are placed in the difficult position of knowing that their memory ability 
is not what it should be but not knowing whether these deficits matter for daily 
activity. They do not perceive major changes in activity but report some concern 
that they may already have begun to alter daily patterns of activity to avoid chal- 
lenges and situations that might expose memory problems. 

Numerous studies have demonstrated that a large proportion of patients diag- 
nosed with mild to moderate AD lack full awareness of their progressive cognitive 
decline (DeBettignies et al., 1990; Kotler-Cope & Camp, 1995; Kiyak et al., 1994). 
A study designed to assess the predictive utility of self-reported and informant- 
reported functional deficits in patients with MCI for the follow-up diagnosis of 
probable AD showed that in patients with MCI, the patient’s lack of awareness of 
functional deficits identified by informants strongly predicts a future diagnosis of 
AD (Tabert et al., 2002). In practice, it is often difficult to recognize when a patient 
with memory complaints has a process that is likely to progress to further intellec- 
tual and functional decline. Because there is no diagnostic test to identify dementia, 
the clinician must rely on a careful and accurate history from the patient and a reli- 
able informant as well as a good mental status examination. Clinicians who assess 
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MCI patients should obtain both self-reports and informant reports of functional 
deficits to help in prediction of long-term outcome. Another interesting longitudinal 
study directly compared change in different cognitive abilities and other key clinical 
milestones in individuals with MCI to those without cognitive impairment (Bennett 
et ah, 2002). The results showed that on average, subjects with MCI had signifi- 
cantly lower scores at baseline in all cognitive domains. Over an average of 4.5 years 
of follow-up, 30% of subjects with MCI had died, a rate 1.7 times higher than those 
without cognitive impairment. The results also indicated that 34% of subjects with 
MCI developed AD, a rate 3.1 times higher than those without cognitive impair- 
ment. Furthermore, subjects with MCI declined significantly faster on measures of 
episodic memory, semantic memory and perceptual speed but not on measures of 
working memory or visuospatial ability as compared with normal control elderly 
subjects. These data suggest that MCI is associated with an increased risk of death 
and of AD and a greater rate of decline in selected cognitive functions. MCI subjects 
tended to be younger, to have lower levels of education, more frequent depressive 
symptoms and slightly higher family histories of AD (Meyer et al., 2002). 




Chapter 8 

Cognitive impairment in Alzheimer disease 



8.1 Introduction 

The most important cognitive deficit of AD is the progressive loss of memory that 
is manifested according to the traditional classification in both STM and LTM 
tasks (see Tables 8.1, 8.2 and 8.3). The earliest and most prominent symptom in 
AD is a profound impairment in the ability to acquire and remember new infor- 
mation whether tested by recall or recognition (Grady et al., 1988; Welsh et al., 
1991). Many patients have purely episodic memory impairment for a number of 
years (Perry & Hodges, 2000; Perry et al., 2000). Semantic memory, the database 
of conceptual knowledge that gives meaning to sensory experience, is eventually 
affected in AD, but early in the disease patients show mild and variable impair- 
ment of semantic memory. Written language deficits are frequently noted and 
occur at early beginning of the disease (Eustache & Lambert, 1996). They ini- 
tially take the form of a lexical agraphia: the characteristic symptom is the pro- 
duction of errors so called “de regulation” (of regulation) occurring during the 
writing of words with irregular orthography (e.g. femme > fame). On the con- 
trary, deficits of phonological type often appear with the progression of the 
dementia. 

A number of cross-sectional studies suggest that the pattern of cognitive impair- 
ment differs in early- versus late-onset AD. A recent study examined the relation of 
age at onset and visuocognitive disturbances in AD using a large sample of patients, 
quantitative neuropsychological measures and multivariate statistics controlling for 
gender, education, stage of dementia and disease duration (Fujimori et al., 1998). 
The results indicated that the patients with early-onset AD performed worse than 
late-onset patients on digit span (forward and backward), visual memory span (for- 
ward 0-14, backward 0-12), visual counting (0-14), block design of WAIS-R 
(0-61) and Rey-Osterreith figure-copy (0-36) tests. These findings confirm the 
greater attentional and visuospatial impairments in early onset patients when all 
confounding factors are controlled. Neuropsychological studies of patients with AD 
have also revealed selective and heterogeneous patterns of cognitive impairments. 
For example, some patients present severe language dysfunction along with milder 
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Table 8.1: Distinguishing features of early dementias. 





Executive 

function 


Visuospatial 


Declarative 

memory 


Language 


Behavior 


Alzheimer 

disease 


Preceded by 
memory loss 


Early topo- 
graphic dis- 
orientation 


Early, STM 
loss > LTM 
loss (-) 
cueing 


Poor word 
list 

generation 


Socially appro- 
priate; late 
agitation; 
misidentification 


Vascular 

dementia 


Variable 


Variable 


Variable; (+) 
cueing 


Aphasia if Apathy or 

cortex involved depression 


Dementia 
with Lewy 
bodies 


Impaired 


Impaired 


Fluctuating Slower 
alertness; 
memory spared 


Hallucinations, 

delusions 


Fronto- 

temporal 

dementia 


Early decline 


Spared 


Decreased 
concentrator 
> STM loss; 
(+) cueing 


Unrestrained 
i but empty. 
Aphasia may 
precede 
dementia. 


Early: dis- 
inhibition, 
hypochondriasis, 
affective 
disorders, mania 



visuoconstructional dysfunction, whereas other patients present with the opposite 
pattern (Haxby, 1990). Such difference in the pattern of cognitive deficits suggests 
a variable distribution of neocortical abnormalities that can be examined with the 
magnetic resonance spectroscopy technique. In fact, several studies using PET have 
shown that early-onset patients demonstrated significant parietal hypometabolism 
(Grady et al., 1987; Mielke et al., 1991; Small et al., 1989). 



8.2 Cognitive impairments 

Cognitive disorders characteristic of AD include impairment of declarative memory, 
semantic aspects of language (naming and comprehension), visuospatial skills, arith- 
metic abilities and executive function. Patients with AD have been shown to have 
intact functioning of the articulatory rehearsal and phonological storage compo- 
nents of working memory, but impairments in the functioning of the central execu- 
tive (Baddeley et al., 1991). Although speech may be fluent, it is rather empty of 
meaning or the patient may present with some difficulty finding words. Visuospa- 
tial deficits are often manifest by impairment of topographical memory, when 
patients easily gets lost. A number of studies have indicated that careful neuropsy- 
chological testing can accurately identify individuals who are experiencing mild 
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(and even unrecognized) cognitive impairment (Rubin et al., 1989; Masur et al., 
1994; Green et al., 1995; Jacobs et al., 1995; Linn et al., 1995). 

AD patients almost invariably show severe deficits when delayed recall is 
assessed, but immediate recall is less typically affected (Welsh et al., 1991). LTM 
impairments, reflecting pathological changes in structures of the medial temporal 
lobes, are believed to be the primary determinant of poor delayed recall in these 
patients. Immediate free recall is thought to depend only in part on LTM and imme- 
diate recall decrements may involve additional deficits in STM or other cognitive 
domains (Pepin & Eslinger, 1989; Diesfeldt, 1978). Severe deterioration of episodic 
and semantic memory occurs very early in the AD process while working memory 
shows a gradual deterioration over time. Some aspects of working and implicit 
memory can be spared in the mild to moderate stages of AD. 

Difficulty with the acquisition of new information is generally the first and most 
salient symptom to emerge in patients with AD. When clinical neuropsychological 
tests are used to evaluate memory in AD patients, it is clear that recall and recogni- 
tion performance are impaired in both the verbal an non-verbal domain (Wilson et 
al. 1983; Storandt &: Hill, 1989). Experimental studies have examined AD patients 
to determine whether the manner in which information is lost over brief delays is 
unique in any way to this patient group. Patients with AD were compared to a 
group of amnesic patients who had alcoholic Korsakoff’s syndrome (KS), a group of 
dementing patients with Huntington’s disease (HD), and a group of normal controls 
(NC) (Moss et al., 1986). All of the subjects were administered the delayed recog- 
nition span test (DRST). All of the patient groups were impaired in their recognition 
performance with respect to controls, but there was overlap among the patient 
groups. There was no significant difference among the three patient groups in their 
ability to recognize new spatial, color, pattern or facial stimuli; patients with HD 
performed significantly better than the other two groups when verbal stimuli were 
used. However, when fifteen seconds and 2 minutes after completion of the last ver- 
bal recognition trial, the subjects were asked to recall words that had been on the 
disks, the AD patients differed considerably from the other patients. They recalled 
significantly fewer words over this brief delay interval (2 min) than either HD or KS 
patients. Although all three patient groups were equally impaired relative to normal 
controls at the 15-s interval, patients with AD recalled significantly fewer words 
than either the HD or KS groups at the 2-min interval. In fact, only the AD group 
performed significantly worse at the longer, as compared with the shorter interval. 
This pattern of recall performance demonstrated that patients with AD lose more 
information over a brief delay than other patients with amnesic or dementing dis- 
orders. 

A comparison of patients with AD and patients with FTD also demonstrates the 
severe recall deficits of the AD patients (Moss & Albert, 1988). Patients with AD 
and patients with FTD, equated for overall level of cognitive impairment, were 
administered the DRST. As in the previous study, the difference in total recall 
between the 15-s and the 2-min delay interval (i.e. the savings score) differentiated 
the groups. The retention of the FTD patients over this delay interval approached 
normality, whereas the AD patients lost a substantial amount of information. In 
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Childhood i i Not tested Fromholt & Larsen, 

Early adult life 1 i Not tested 1991 

Late adult life U JJ Not tested Greene et al., 1995 




Table 8.2 (continued) 
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general, these findings suggest that the nature and severity of the AD patients’ mem- 
ory disturbance, in relation to delays spanning the first 10 min after encoding, is 
likely to be the result of a unique pattern of neuropathological and/or neurochemi- 
cal dysfunction. 



8.2.1 Executive function 

Executive function associates the capacity to perform the elements of a complex 
task with the orchestration of the task and its actual execution. Patients with 
impaired executive function behave like 6-year-olds: they can zip their zippers, 
button their buttons and tie their shoes but they cannot get dressed by themselves. 
Executive dysfunction is present in the very old and in patients with disease involv- 
ing the frontal lobe and its subcortical circuits including uncontrolled hyperten- 
sion. 



8.2.2 Working memory deficit 

The deterioration of working memory in AD has been observed repeatedly and stud- 
ies carried out using a dual task paradigm have shown a selective deterioration of 
the Alzheimer group under these conditions (Baddeley et al., 1986; Spinnler et al., 
1988). 

AD patients exhibit both a decrease in their span capacity and a lower perfor- 
mance on the classical Brown-Peterson procedure than that of normal aged-matched 
controls (Sullivan et al., 1986; Wilson et al., 1983). These anomalies in short-term 
recall have been attributed to a dysfunction of the attentional component of work- 
ing memory. 



8.2.3 Episodic memory deficit 

Episodic memory loss is thought to be followed by progressive cognitive decline in 
other domains including semantic memory, attention, language, central executive 
function, visuospatial and perceptual abilities and abstract thinking (Perry et al., 
2000; Elias et al., 2000). 



8.2.4 Semantic memory deficit 

Although the characteristics of the memory deficits that accompany AD are com- 
parable in many respects to those of other amnesic disorders, patients with AD may 
exhibit a disproportionate disruption of semantic memory processes, as evidenced 
by poor performance on confrontation naming and word fluency tasks (Martin &c 
Fedio, 1983; Nebes, 1989). A priming task involving a word-stem completion par- 
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adigm was administered to patients with AD, patients with HD and normal control 
subjects (Randolph, 1991). The task was done under conditions of both implicit and 
explicit recall. Explicit and implicit recall were positively correlated in all three 
groups. After controlling for explicit recall ability through statistical procedures, 
AD patients were found to be normally susceptible to the effects of priming on 
implicit recall. HD patients, however, exhibited significantly increased susceptibili- 
ty to priming, suggesting that they may have carried out the implicit task in a man- 
ner different from that of normals and AD patients. AD patients were also found to 
supply words of significantly lower association strength than the other two groups 
in a “free association” task using words from a published list of word association 
norms. This degradation of semantic memory was strongly correlated with explicit 
performance, suggesting that explicit, implicit, and semantic memory functions 
decline in parallel in AD. 

One current controversy revolves around the presence and specificity of seman- 
tic memory impairments in AD. Semantic priming paradigms used in recent investi- 
gations of AD and other memory-impaired patients generally fall into two classes, 
those that assess the influence of priming on subsequent response speed and those 
that assess the influence of priming on the subsequent retrieval of words. The major- 
ity of studies that have looked at the influence of semantic priming on subsequent 
processing speed have concluded that AD patients and controls benefit in a similar 
fashion from priming manipulations (Nebes et al., 1986, 1989). On the other hand, 
studies investigating the influence of semantic priming on subsequent measures 
involving the retrieval of words have concluded that AD patients exhibit a deficit 
relative to controls, patients with HD and patients with KS (Heindel et al., 1989; 
Salmon et al., 1988). 



8.2.5 Naming deficit 

Although it is now well established that progressive naming difficulties are one of 
the main characteristics of AD, the underlying functional deficit causing the nam- 
ing problem is not well understood. Hypothetically, the naming deficit in AD may 
reflect deficient visual channels or a loss of semantic knowledge. A study designed 
to assess the source of the naming deficit in AD showed that AD subjects display 
more overall naming errors than vascular dementia subjects (Lukatela et al., 
1997). The AD group made significantly more errors than the vascular dementia 
group across the most error types (i.e. omissions, visual, semantic). However, the 
pattern of errors was similar between the two groups. If it is assumed that seman- 
tic knowledge is hierarchically organized, these data suggest that in early AD 
access to lower and more detailed nodes is more impaired than access to higher- 
level concepts. Both visual and semantic factors seem to contribute to the naming 
deficit in AD. 

A study designed to examine a possible naming improvement in mild AD 
patients using a computer-aided therapy method based on episodic and semantic 
lexical training was performed (Ousset et al., 2002). It was shown that lexical ther- 
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apy may help treating anomia in mild AD patients and its efficacy relies on episod- 
ic linking between objects and lexical labels. 



8.2.6 Intrusion errors 

Not only are people with AD unlikely to recall much information, they are also 
prone to making errors. Clinical studies indicate that people with AD make many 
more intrusion errors than controls (Jacobs et al., 1990). There is also evidence that 
intrusion errors are particularly diagnostic of AD. A correlation between the num- 
ber of intrusion errors and the biological features of the disease (SP counts and lev- 
els of the enzyme ChAT) was demonstrated (Fuld et al., 1982). Research has also 
shown that even when matched for recall levels, AD patients make more intrusion 
errors than patients with a sub-cortical dementia, HD (Kramer et al., 1988). 

Two prominent explanations of intrusion errors have been exposed. Because the 
intrusion errors in AD are predominantly for semantically related items (e.g. recall- 
ing diamond instead of sapphire), the propensity to make intrusion errors is believed 
to reflect a disruption in semantic memory processing (Brandt & Rich, 1995). Intru- 
sion errors have also been proposed to be due to an inability to monitor output dur- 
ing retrieval (Correa et al., 1996). Either account could arise from a deficit in 
inhibitory processes in AD. AD patients may fail to inhibit other semantic activa- 
tions during retrieval or fail to inhibit output. However, a recent study that used the 
retrieval-induced forgetting paradigm that is ideal to assess inhibition in episodic 
memory showed that AD patients have normal levels of inhibition (Moulin et al., 
2002). Therefore, a deficit in inhibitory processes during retrieval is not the reason 
for the high levels of intrusion errors made in recall in AD. 



8.2.7 Visuo-spatial deficit 

Studies that have examined visuospatial dysfunction find it to be common sequelae 
of AD although it has received relatively little attention (Cogan, 1985; Mendez et 
al., 1990). Early in the disease, visual disturbance is considered to be minimal or 
even absent. In the later stages of the disease, impairments have been described in 
visual acuity, visual fields, color vision and depth perception, all of which contribute 
to measurable visual perceptual impairment that in turn affects object recognition 
and word-reading ability. Neuropathological studies of regional and laminar 
changes in AD indicate significant involvement of secondary and association cor- 
tices with relative sparing of primary sensory areas (Lewis et al., 1987; Pearson et 
al., 1985). These areas are believed to mediate higher-order perceptual functions 
including visual perceptual threshold, color discrimination and contrast sensitivity 
function (Turvey, 1973; Bulens et al., 1989). 

Visuospatial skills are easily tested by having patient copy a three-dimensional 
cube or with the less challenging skill of copying the intersecting pentagons that 
appear in the MMSE. 
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8.2.8 Language 

Undisturbed language production and verbal communication require multiple and 
complex functions such as capabilities of perception, articulation, memory or con- 
centration. In diseases such as AD that may affect a large number of cortical struc- 
tures, language impairment presumably results from a disturbance of several men- 
tal functions and their interaction rather than from an impairment of one or few 
defined cortical regions. Disturbance of language is an intrinsic part of AD and 
appears to be among the earliest of symptoms, showing progression with severity of 
language decrement often correlated with severity of illness (Kertesz, 1994; Kirshn- 
er, 1994). A study that discussed the potential of various assessments of language 
function in the diagnosis of AD showed that AD patients have distinct semantic 
speech disturbances whereas they are not impaired in the amount of produced 
speech (Bschor et al., 2001). 

The speech of patients with AD is often described as “empty” as it contains a 
high proportion of words and utterances that convey little or no information. For 
example, AD patients produce a low ratio of propositions to words and the 
thoughts they express are often left incomplete (Hier et al., 1985). However, perhaps 
the single most obvious characteristics of AD patients” so-called empty speech is the 
overuse of “empty words” (“thing”, “it” etc.) (Kempler, 1995). Semantic impair- 
ments could cause the empty speech associated with AD. 

Word-finding difficulties represent one of the prominent deficits in AD, even at 
an early stage and frequently become a major problem with progression of the dis- 
ease. This word finding difficulty is not merely the result of general forgetfulness 
that may make patients forget what they wanted to refer to because patients often 
exhibit word finding difficulty even in the presence of a referent or its picture 
(Bayles et al., 1989). Patients often have more difficulty with referents from only 
specific semantic categories (e.g., living things) (Gonnerman et al., 1997). Rather, 
the word finding difficulty is likely caused by a genuine semantic impairment in pro- 
cessing lexical information from semantic LTM. Although a debate still exists 
regarding the nature of the underlying anomic deficit, there is a general agreement 
emerging from numerous works that the naming problem in AD can be related to 
impaired semantic processing or to impaired binding between the semantic and lex- 
ical level, the phonological level being spared (Hodges et al., 1991; Astell & Harley, 
1996). Looking at future directions for research, language in AD as it varies accord- 
ing to stage of illness is as yet poorly defined. Understanding the progression of lan- 
guage impairment in AD can be best achieved through follow-up or longitudinal 
investigations of which there are at present very few (Appell et al., 1982; Kertesz et 
al., 1986; Bayles & Kaszniak, 1987). 

Although normal women are known to have a modest superiority in language 
compared with men, several investigators have reported that AD has a greater neg- 
ative impact on language skills of women patients (Henderson & Buckwalter, 
1994). Ripich et al. (1995) reported that naming and word recognition skills of 
women are more affected by the neurodegenerative disease processes than those of 
men, after making gender performance comparisons on the Boston Naming Test, 
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Peabody Picture Vocabulary Test-Revised, Word Fluency Test and shortened Token 
Test (Spellacy &; Spreen, 1969; Dunn &; Dunn, 1981). However, Bayles et al. (1999) 
questioned the conclusion that language is more affected in women with AD. Their 
studies showed that that there is no evidence of significant gender effects in either 
cross-sectional or longitudinal analyses. 



8.2.9 Memory distortions 

Patients with probable AD suffer from distortions of memory in addition to their 
failure to retrieve desired information (Forstl et al. 1994). Because patients may 
believe that they turned off the stove or took their medications when they have only 
thought about performing these activities, memory distortions may impair the abil- 
ity of AD patients to live independently. Memory distortions in AD patients are an 
important clinical problem. The etiology and treatment of such distortions remain 
largely unexplored. 

AD patients have been examined using paradigms that allow measurement of 
a type of memory distortion known as false recognition. False recognition occurs 
when people incorrectly claim to have previously encountered a novel word or 
event. These studies have shown that AD patients show either greater or lesser lev- 
els of false recognition and recall than healthy older adults depending on the par- 
ticular paradigm and analysis used. For example, using corrected recognition 
scores to control for unrelated false alarms, AD patients were noted to exhibit 
lower levels of false recognition of perceptually related novel objects compared 
with older adults (Budson et al., 2001). Watson et al. (2001) demonstrated that 
AD patients and older adults showed similar rates of false recall of semantic asso- 
ciates, phonological associates and hybrid lists combining semantic and phono- 
logical associates. More impaired AD patients, however, showed higher levels of 
false recall relative to their true recall performance when compared with the less 
impaired AD patients. 

Budson et al. (2002) reported the use of a false recognition memory test in a clin- 
ical trial of patients with AD. Tests of false recognition allow assessment of two 
components of memory: the specific details of a prior encounter with a particular 
item (item-specific recollection) and the general meaning, idea or gist conveyed by a 
collection of items (gist memory). Because cognitive enhancing medications used to 
treat AD may improve gist memory or item-specific recollection preferentially, use 
of this type of paradigm may allow more sensitive detection of drug effects than 
standard memory tests. 



8.2.10 Implicit memory performance 

Individuals with AD often perform normally on perceptual implicit memory tests 
(see Fleischman &c Gabrieli, 1998). For perceptual implicit memory tests, partici- 
pants are engaged in processing perceptual information at test (e.g., identifying 
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words or pictures) and memory is measured either as a reduction in response time 
or as an increase in accuracy that is associated with items that have previously been 
presented. This facilitation in performance is referred to as priming. AD patients 
have shown normal priming in the following perceptual implicit memory tasks: 
word pronunciation, lexical decision, perceptual identification and stem completion 
(Keane et al., 1994; Fleischman et al., 1997). 

In contrast to their generally normal performance on perceptual implicit memo- 
ry tests, AD patients often exhibit pronounced priming deficits on conceptual 
implicit memory tests (see Fleischman 6c Gabrieli, 1998). Conceptual tests are tests 
that provide a retrieval cue that is related to previously studied words by meaning, 
rather than by perceptual form. The demonstration of mnemonic effects on implic- 
it conceptual tests is referred to as the “conceptual priming effect”. This effect is 
defined as the more frequent occurrence of responses for studied than for unstudied 
words on implicit conceptual tests of memory where no reference is made to the 
study episode. For example, Salmon et al. (1988) used a free-association task in 
which participants were asked to generate associates to target words. They observed 
that elderly control participants were more likely to produce items that were pre- 
sented in an earlier study list but that AD patients failed to show such an effect. Sim- 
ilar conceptual priming deficits have been reported in other studies with this task 
(Carlesimo et al., 1995; Vaidya et al., 1999). Conceptual priming deficits in AD 
patients have also been reported for the exemplar generation tasks in which partic- 
ipants are asked to produce examples of semantic categories and priming on this 
task is measured as the likelihood of generating a studied compared with a non- 
studied target item in response to the category cue (Vaidya et al., 1999). 

It is important to distinguish between “conceptual priming tasks” and “seman- 
tic priming tasks” as the effects of AD on these two types of memory tasks may be 
different (Ober 6c Shenaut, 1995; Shenaut 6c Ober, 1996). Semantic priming tasks 
involve facilitation between two different, semantically related items that is mea- 
sured over a very short interval. For example, on semantic priming task the word 
“doctor” is identified more rapidly if it is immediately preceded by the word 
“nurse”. Results suggest that semantic priming remains intact in early AD (Ober 6c 
Shenaut, 1995). 



8.3 Cognitive differences in neurodegenerative disorders 

In diagnosing the cause of dementia, it is important to distinguish between failures 
of storage (or retention), associated with damage to the limbic and especially hip- 
pocampal structures, retrieval associated with frontal-subcortical dysfunctions and 
STM associated with temporo-parietal lesions. Storage disorders are characterized 
on testing by deficits in both recall and recognition and rapid loss of information. 
Retrieval disorders are characterized by a difficulty in accessing information and 
short-term memory disorders are characterized on testing by reduced memory span 
and rapid loss of information measured by the Brown-Petersen paradigm (Petersen 
6c Petersen, 1959). 
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Some studies have found that declarative LTM functions are more intact in FTD 
patients compared with patients diagnosed clinically with AD (Binetti et al., 2000; 
Rahman et ah, 1999). It has been proposed that because MTL involvement is an 
early and almost universal feature of the pathology in AD but is less common in 
FTD, then FTD patients should retain greater capacities for encoding new informa- 
tion into LTM, at least early in the disease (Lavenu et ah, 1998). FTD patients’ 
retained capacity for encoding new information into long-term declarative memory 
is likely due to relatively spared medial temporal lobe involvement. 

The most likely explanation for the abnormalities in memory that characterize 
the early stage of AD pertains to the damage to the hippocampal formation seen in 
these patients (Hyman et al., 1985; 1986). It has been suggested that abnormalities 
in these regions produce a functional isolation of the hippocampus. These findings 
suggest that neuropathological damage to these medial temporal lobe structures 
may be responsible for the marked STM impairment evident in the early stages of 
AD. 

Although episodic memory deficits occur in both cortical and subcortical demen- 
tia syndromes, these deficits result from damage to different memory systems. The 
deficit in AD is a true impairment in the episodic memory system due to direct dam- 
age within the medial temporal lobes. Consequently, AD is both quantitatively and 
qualitatively similar to the consolidation deficit that occurs in patients with circum- 
scribed amnesia. Thus, like amnesic patients, AD patients show a little improvement 
in acquiring information over repeated learning trials, a tendency to recall only the 
most recently presented information in free recall tasks, a failure to demonstrate 
normal improvement in performance when memory is tested with a recognition 
rather than a free recall format and a rapid forgetting of information over time. AD 
patients also display a severe retrograde amnesia that is temporally graded, with 
memories from the distant past being better remembered than more recent memo- 
ries. 

8.3.1 Typical AD 

In general, AD has an insidious onset, followed by gradually progressive cognitive 
deterioration with little or no focal neurological symptoms and signs, and it has typ- 
ical degenerative features. It can be separated into predictable clinical stages rang- 
ing from prodromal MCI to mild, moderate and profound dementia. On the other 
hand, vascular dementia is supposed to have an abrupt onset of dementia, followed 
by stepwise deterioration of cognitive performance associated with neurological 
signs and symptoms reflecting focal brain lesions (Hachinski et al., 1974). 

The first symptom of typical AD is impairment of recent memory: poor learning 
and retention of information over time (McKhann et al., 1984) (see Table 8.4). 
Patients with AD show poor learning over repeated trials and may make intrusion 
errors (Butters et al., 1995). This is a disorder of storage, retrieval and later of STM. 
The test for delayed recall has been found to be the best overall discriminatory mea- 
sure to differentiate patients with early AD from cognitively normal elderly controls 
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Table 8.4: Distinguishing features of early dementias 





AD 


FTD 


DLB 


Memory 


Early short term loss 
> long term; (-) cueing 


Decreased concentration > 
short term memory loss; 
(+) cueing 


Fluctuating alert- 
ness; memory 
spared 


Executive 

function 


Preceded by memory loss 


Early decline 


Impaired 


Language 


Poor word list generation 


Aphasia may precede 
dementia 


Slower 


Behavior 


Socially appropriate; 
late agitation; 
misidentification 


Early disinflation, 
hypochondriasis, 
affective disorders, mania 


Hallucinations, 
bizarre, delusions 



with the Committee of the Consortium to establish a registry for Alzheimer disease 
(CERAD) battery (Albert, 1996; Locascio et al., 1995; Welsh et al., 1991, 1992). 



8.3.2 Frontotemporal dementia 

The paradigm of frontal lobe dementia is that described by Pick in 1892, which was 
associated with circumscribed atrophy of both the frontal and temporal lobes. This 
form of dementia is much less common than AD. It is more frequent in women. It 
may be inherited through a single autosomal dominant gene, although most cases 
are sporadic. The diagnosis of FTD requires the presence of frontally predominant 
atrophy on MRI, frontal hypoperfusion on SPECT, or frontal hypometabolism on 
PET. 

There are distinguishing features that reflect the underlying pathologic changes 
of Pick’s disease and separate it from AD. In particular, abnormalities of behavior, 
emotional changes and aphasia are frequent features. Some authors have noted ele- 
ments of the Kluver-Bucy syndrome at one stage or another in the disease (Cum- 
mings & Benson, 1983). Interpersonal relationships deteriorate, insight is lost early, 
and the jocularity of frontal lobe damage may even suggest a manic picture. The 
aphasia is reflected in word-finding difficulties, empty, flat, nonfluent speech and 
aphasia. With progression, the cognitive changes become apparent: these include 
memory disturbance but also impairment of frontal lobe tasks. Ultimately, 
extrapyramidal signs, incontinence, and widespread cognitive decline are seen. Con- 
sidering the possibility to discriminate further FTD from AD, recent studies indicate 
that, whereas personality features and neuroimaging findings distinguish these 
dementias, neuropsychological measures including conventional tests of frontal 
functions fail to distinguish between FTD and AD (Mendez et al., 1996; Pachana et 
al., 1996). 
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It has been hypothesized that the cognitive estimations test (CET) could help in 
the differential diagnosis of FTD from AD (Mendez et ah, 1998). CET is a measure 
of judgment and reasoning, frontal functions that are disproportionately affected in 
FTD (Lund & Manchester Groups, 1994). The CET was administered to 31 FTD 
and 31 AD patients of comparable dementia severity plus 31 normal elderly con- 
trols. Both dementia groups gave significantly more extreme estimates on the CET 
than did controls and AD patients gave more extreme estimates than did FTD 
patients. The CET may be particularly impaired in AD because it reflects impaired 
memory and impaired numerical ability as well as disturbed judgment and reason- 
ing. Therefore, the CET, in conjunction with other clinical and mental status mea- 
sures, may be helpful in discriminating some patients in moderate stages of AD from 
those with FTD. At a cut-off score of 10, the CET correctly discriminated all 
patients with AD from the normal elderly controls. 



83.2.1 Semantic dementia 

In semantic dementia, the presenting feature is a profound breakdown in semantic 
memory but in contrast to AD, episodic memory is relatively spared as judged by 
the patient’s preserved orientation, recall of recent autobiographical events and 
recognition-based tests of anterograde memory for pictures (Hodges et al., 1992; 
Graham & Hodges, 1997; Snowden et al., 1996). The predominant cognitive fea- 
ture of semantic dementia is a progressive deterioration of semantic knowledge 
about people, objects, facts and word meanings. Patients perform poorly on neu- 
ropsychological tests dependent upon conceptual information such as picture nam- 
ing, category fluency (i.e. generating as many exemplars from a semantic category 
as possible in one minute), word-picture matching, defining concepts in response to 
their names or pictures and sorting words according to pre-specified criteria. The 
deficit is also observed on non-verbal tests of semantic knowledge such as selecting 
the correct color for a black-and-white line drawing, drawing animals or objects 
from memory. The selective nature of the semantic deficit in these patients has been 
confirmed by their good performance on assessments of current day-to-day memo- 
ry, short-term verbal memory, visuo-spatial skills, non-verbal reasoning, phonology 
and syntax until very late in the course of the disease (Hodges et al., 1992). 

In semantic dementia, Warrington (1975) found that knowledge of subordinate 
categories (e.g., the name of a specific animal) was more impaired than knowledge 
of superordinate categories (e.g., animals or birds). Similar findings were obtained 
by other researchers (Snowden et al., 1989; Hodges et al., 1992). Hodges et al. 
(1995) monitored the deterioration of a single patient over the course of 2 years, 
finding that the pattern of relative preservation of superordinate knowledge was 
demonstrable both during a particular test session and across test sessions longitu- 
dinally. However, over the course of time, there was a progression from subordinate 
to superordinate errors. Warrington (1975) had interpreted this pattern of deterio- 
ration as reflecting the hierarchical manner in which knowledge is organized but 
Hodges et al. (1995) argued that superordinate words have multiple connections 
within the semantic network and consequently are less vulnerable to degradation, a 
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view that does not necessarily imply a hierarchical structure of the organization of 
knowledge. A different view proposed by Funnell (1995) is that both superordinate 
and subordinate knowledge are affected, after controlling for word frequency and 
familiarity effects, suggesting that the apparent sparing of superordinate knowledge 
is an artifact of factors such as word frequency and familiarity. Other classes of 
knowledge, such as number and the ability to perform mental calculations, may be 
surprisingly well preserved despite the severe disruption of verbal and visual seman- 
tics in this disorder (Butterworth et al., 2001; Cappaletti et al., 2001). 

Unlike amnesic patients who often show better recall of distant memories com- 
pared with more recent personal events, patients with semantic dementia showed 
the opposite pattern (Snowden et al., 1996; Graham &c Hodges, 1997). They have 
better recall of recent memories compared with those from childhood and early 
adulthood. Several studies have highlighted the patients” progressive loss of knowl- 
edge about the meanings of non-verbal as well as verbal stimuli (Lambon Ralph & 
Howard, 2000; Bozeat et al., 2000). 

The syndrome of semantic dementia provides an ideal testing ground for inves- 
tigating the role of conceptual knowledge in various cognitive domains. These 
include the issue of whether the ability to use familiar objects is reliant, in whole or 
in part, upon intact conceptual knowledge about these items. It has been observed 
on the basis of clinical observation that patients with semantic dementia, despite 
sometimes severe semantic deficits, are relatively competent in their daily activities 
(Snowden et al., 1996). For instance, a number of patients with notable loss of con- 
ceptual knowledge have continued to be engaged in hobbies and to cook and com- 
plete various domestic activities (Lauro-Grotto et al., 1997). These cases have been 
reported to use a number of objects correctly, even the same objects for which they 
cannot provide names, descriptions or correct associative semantic judgments. 



8.3.3 Lewy body dementia 

According to several studies, dementia associated with Lewy bodies now ranks sec- 
ond to only AD as a cause of dementia (Hansen et al., 1990; Perry et al., 1990). Vas- 
cular dementia, once considered the second most common cause of dementia, is now 
ranked third. Numerous terms have been used to describe the same or similar enti- 
ties. Some of the more frequent terms encountered include diffuse Lewy body dis- 
ease and senile dementia of the Lewy body type (Perry et al., 1990; Lewy, 1912). 
The neuropathological hallmark for these disorders is the Lewy body, a spherical 
intraneuronal cytoplasmic inclusion originally described in brainstem nuclei in 
Parkinson’s disease (Lewy, 1912). In Lewy body dementia, Lewy bodies are found 
in subcortical nuclei such as the substantia nigra as well as diffusely in the neocor- 
tex (Kosaka et al., 1984, Kosaka, 1990). With the advent of more sensitive tech- 
niques to identify Lewy bodies, it is now known that neocortical Lewy bodies are 
also commonly seen in idiopathic Parkinson’s disease, a finding that has created 
some controversy. Given the frequent clinical overlap in Parkinson’s disease and 
Lewy body dementia and the similar neuropathological features, some investigators 
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feel that Parkinson’s disease and Lewy body dementia represent a phenotypic spec- 
trum of the same disease process (Kosaka, 1990). Further adding to the confusion 
is the fact that concomitant neuropathological AD changes, i.e. SPs and NFTs, may 
also be present in Lewy body cases (Hansen et al., 1990). The true boundaries of 
Lewy body dementia remain to be clearly defined given the significant clinical and 
pathological overlap with both Parkinson’s disease and AD. 

The cognitive impairment in Lewy body dementia in many ways resembles the 
dementia of AD although there appear to be some key symptoms that are sugges- 
tive of Lewy body dementia rather than AD (Hansen et al., 1990; Perry et al., 1990). 
As with AD, memory deficits are the initial complaint in about 70% of cases. A 
study has shown severe but similar degrees of impaired performances in tests of 
attention/STM (digit span) frontal lobe function (verbal fluency, category, and Nel- 
son card-sort test) and motor sequencing in both Lewy body dementia and AD 
groups as in Parkinson’s disease patients and controls (Gnanalingham et al., 1997). 
However, Lewy body dementia patients often experience fluctuations in their cog- 
nitive ability and performance (Perry et al., 1990). They also may have fluctuations 
in their alertness in the form of a confusional state or transient reduction in the level 
of consciousness (Perry et al., 1990). Loss of consciousness has also been reported. 
These fluctuations are important to recognize because they may be misinterpreted 
as vascular events or as sundowning. However, neuropsychological testings have 
indicated that patients with Lewy body dementia display disproportionately severe 
deficits in attention, fluency, visuospatial and constructional abilities and psy- 
chomotor speed (Hansen et al., 1990; Salmon et al., 1996). These feaures may help 
to distinguish Lewy body dementia cases from typical AD cases. 



8.4 Discussion 

The emergence of functional neuroimaging techniques offers unprecedented oppor- 
tunities to discover how the brain learns and remembers. Combining information 
from brain imaging with that regarding genetic predisposition or risk through Apo 
E genotyping promises to be a powerful tool for early AD detection. Brain imaging 
technologies, such as MRI and PET, are not required diagnostic tools but enable 
investigators to study the brains of living patients and follow these patients longitu- 
dinally to evaluate disease progressions and the effects of therapeutic interventions 
(Fox et al., 1996; Reiman et al., 1996; Schuff et al., 1997). 

The potential desirability of using both types of tests when assessing patients at 
risk of dementia is reinforced when the complementary shortcomings of each type 
of test are considered. Cognitive tests may be affected by education and premorbid 
ability. Poorly educated patients may be misclassified as demented, and dementia in 
well-educated patients may be missed (Tombaugh & McIntyre, 1992). Cognitive 
testing also requires intact sensorimotor and language faculties. Important report 
questionnaires have been shown to be uncontaminated by premorbid intelligence 
and education, and they are unaffected by patients” physical disabilities. However, 
scores on these tests may be influenced by noncognitive factors, such as the affec- 
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tive state of the patient and the informant, the personality of the patient, and the 
quality of the relationship between the patient and informant (Jorm, 1996). It has 
been suggested that the use of the informant report and cognitive testing are com- 
plementary approaches to the assessment of dementia (Mackinnon & Mulligan, 
1998). Used together, these tests provide more information than either test alone. 
This information can be used to improve the accuracy of screening and diagnosis. 
From a clinical perspective, the combination of cognitive testing and informant 
report adds little to the clinician’s burden. The short form of the Informant Ques- 
tionnaire on cognitive decline in the elderly comprises only 16 items and is self- 
administered. In many cases, it is possible for an informant to complete this ques- 
tionnaire while waiting during the time the patient is examined. 

The International Consensus Conference on Dementia and Driving has suggest- 
ed that before a decision about driving can be made, the etiology of the presumed 
cognitive impairment or the diagnosis must be clear. A conclusion related to driving 
fitness requires an adequate examination of multiple cognitive domains and a solid 
understanding of the individual’s functional abilities (Lundberg & Johansson, 
1997). Clinical guidelines for driving-related recommendations have been proposed 
by the American Academy of Neurology based on a review and meta-analysis of epi- 
demiological studies and driving performance studies investigating crash risk among 
drivers with a diagnosis of AD (Dubinsky et al., 2000). The Academy guidelines rec- 
ommend that patients with presumed Alzheimer’s dementia with a CDR of 1 be 
instructed not to drive because of an increased risk of an automobile accident. These 
guidelines also recommend that physicians inform patients with possible AD and a 
CDR of 0.5 that they are at greater risk for driving difficulty than other drivers in 
their age range and that these patients be referred for a formal driving assessment 
by a qualified examiner. Because of the relatively high probability that these patients 
may progress over time to a CDR rating of 1, it is also proposed that dementia 
severity and ability to continue driving be reassessed every 6 months. 




Chapter 9 

Behavioral and psychological impairments 



9.1 Introduction 

AD and other types of dementias are associated with many problematic behaviors. 
Noncognitive feature is a terminology that draws the distinction between cogni- 
tive loss and the heterogeneous group of symptoms that include psychiatric symp- 
toms such as depression, hallucinations, delusions and misidentifications. This 
term also includes behavioral disturbances such as aggression, agitation, pacing 
and eating disorders (Burns et al., 1990). An alternative expression is neuropsy- 
chiatric features (Cummings et al., 1994). The term “Behavioral and Psychologi- 
cal Symptoms of Dementia” (BPSD) has also been defined as “symptoms of dis- 
turbed perception, thought content, mood and behavior that frequently occur in 
patients with dementia” (Consensus Conference on the Behavioral Disturbances of 
Dementia, 1996). Noncognitive disorders can cause distress both to patients and 
carers. Such changes are often a determinant for institutional care. A study report- 
ed that psychotic symptoms (e.g., hallucinations and delusions) were present in 
about 50% of patients with dementia and disruptive behavior (e.g., physical vio- 
lence, hiding things, wandering, demanding or critical behavior) in up to 70% 
(Rabins et al., 1982). These include hitting, yelling, grabbing people, wandering, 
hoarding, and repetitive gestures and questioning (Moak & Fisher, 1990; Reisberg 
et al., 1987). All of these problematic behaviors are often grouped together as 
“agitation” or “agitated behavior”. 

Recent studies found a relatively high incidence of delusions and hallucinations 
in AD patients early in the course of the disease (Paulsen et al., 2000). Common 
psychiatric phenomena in AD include disorders of thought content, such as simplex 
and complex delusions, persecutory ideation and disorders of perception such as 
hallucinations and misidentification syndrome (Ballard et al., 1999). Overall, the 
number and severity of behavioral problems increase with worsening of cognitive 
impairment (Finkel, 1998). BPSD can be mainly grouped into behavioral and psy- 
chological symptoms of dementia (see Table 9.1). The former are usually identified 
on the basis of patient observations while the latter are mainly assessed on the basis 
of interviews with patients and relatives. 
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Table 9.1: Behavioral and psychological symptoms of dementia 



Group 1 

Most common/ 
most distressing 


Group II 

Moderately common/ 
moderately distressing 


Group III 
Less common/ 
manageable 


Psychological 


Psychological 


Behavioral 


Delusion 


Misidentifications 


Crying 


Hallucinations 




Cursing 


Depressed mood 




Lack of drive 


Sleeplessness 




Repetitive questioning, anxiety 
Shadowing behavior and 
disinhibition 


Behavioral 


Behavioral 




Physical aggression 


Agitation 




Restlessness 


Culturally inappropriate 
Screaming, wandering 





9.2 Psychological impairment 

9.2.1 Anxiety 

Anxiety is a multidimensional concept, having physiologic, psychological and emo- 
tional dimensions. It triggers the autonomic nervous system, resulting in symptoms 
of increased heart rate and blood pressure, trembling, increased respiration, dry 
mouth and queasy stomach. It is often expressed as agitation in demented patients, 
and has been described as probably the most prevalent psychiatric condition affect- 
ing individuals with dementia, since approximately 60% of them present with agi- 
tation during the course of their illness (Mintzer & Brawman-Mintzer, 1996). 
Patients who have insight into their memory problems and those with coexisting 
physical illness may also have higher levels of anxiety (Shankar et al., 1999). Anxi- 
ety can also exacerbate poor performance on cognitive tests, leading to an overesti- 
mation of the severity of dementia (Yesavage, 1984). Recently, a study found a 36% 
prevalence of clinical anxiety in patients with dementia receiving psychiatric services 
(Shankar et al., 1999). 

The Rating Anxiety in Dementia Scale has been developed to measure specifi- 
cally anxiety in patients with dementia (Shankar et al., 1999). This scale had good 
inter-rater reliability, test/retest reliability and internal consistency. The validity of 
the scale is also good because the scale significantly correlated with other anxiety 
scales and independent ratings the physician and the caregiver using visual analogue 
scales. 
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9.2.2 Agitation and aggression 

Agitation is a broad concept and is often used interchangeably with aggression. 
Agitation can be divided into four subtypes, based on the Cohen-Mansfield Agi- 
tation Inventory (CMAI): physically non-aggressive behaviors (restlessness, pac- 
ing, mannerisms, hiding things, inappropriate dressing or undressing); physically 
aggressive behaviors (hitting, pushing, scratching, biting, kicking and grabbing); 
verbally non-aggressive behaviors (negativism, repetitions, interruptions, con- 
stant requests for attention); and verbally aggressive behaviors (screaming, mak- 
ing strange noises, cursing and temper outbursts) (Cohen-Mansfield et al., 1989). 
Agitation has been identified as a significant problem in dementia patients, occur- 
ring in 70-90% of individuals with dementing illness at some point during the 
course of the disease (Cohen-Mansfield & Billig, 1986). An overall rate of aggres- 
sion for patients satisfying NINCDS/ADRDA criteria for AD is reported at 
19.7% (Burns et al., 1990). In AD, agitation has been found to increase as the 
disease progresses from mild to severe stages and in many patients, agitated 
behaviors occur on a daily basis (Teri et al., 1992). Thus, agitation is a primary 
source of stress and burden to family caregivers. Because of its prevalence and 
impact on both patients and caregivers, the assessment of agitation is an impor- 
tant area of investigation. 

Physically aggressive behaviors are more common in men, in severe dementia 
and are associated with carer stress while verbally non-aggressive behaviors are 
more common in women, in mild to moderate dementia and are associated with 
depression and poor social relationships (Cohen-Mansfield, 1996). 



9.2.3 Depression 

Evidence suggests that there is a depression specific to AD and that the features and 
course often differ from those of major depressive disorder in the DSM (APA, 
2000). Depression in individuals with dementia is associated with wandering, 
aggression, constant requests for help, complaining and negativism, and impaired 
activities of daily living (Lyketsos et al., 1997). Depression can be present at all 
stages of dementia and it also appears to accelerate loss of functioning. A study 
reported that major depression occurs in 5-15% of AD patients and in 20-25% of 
patients with multi-infarct dementia; minor depression in 25%; depressive features 
occur in 50% of dementia patients; and family-attributed depression in their rela- 
tives who have dementia in 50-85% (Greenwald, 1995). In fact, memory com- 
plaints in the elderly may be more related to depression than to objective memory 
impairment. The essential features of major depression are sadness that is persistent 
or anhedonia (loss of interest in usual activities). In addition to memory impairment 
and poor concentration, depressed patients experience sleep and appetite distur- 
bances, loss of energy, psychomotor retardation, feelings of worthlessness or guilt 
or recurrent thoughts of death. It is important for the clinician to be aware of the 
risk of suicide in patients with AD. Suicide risk is likely to be greatest in those with 
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severe depression, preserved awareness and the ability to perform planned actions 
(absence of apathy). 

The differentiation between depression and dementia can be difficult because 
loss of interest, decreased energy, apathy, weight loss, sleep disturbance and agita- 
tion are common to both (Burke et al., 1988). As dementia progresses, the diag- 
nosis of depression becomes more difficult due to increasing difficulties with both 
verbal and non-verbal communication. When depression symptoms occur just 
before the development of AD, they may be early symptoms of the dementing 
process. The majority of studies concur that dysphoria and loss of interest are the 
most common symptoms of depression in AD (Ballard et ah, 1996; Devanand et 
ah, 1997). A recent study shows that depression symptoms before the onset of AD 
may be associated with the development of AD even in families where first depres- 
sion symptoms occurred more than 25 years before the onset of AD (Green et ah, 
2003). These data suggest that depression symptoms are a risk factor for later 
development of AD. 

A number of scales have been specifically developed to assess depression in 
dementia patients. The Depressive Signs Scale relies on direct observation of an indi- 
vidual’s behavior by trained raters and has been found to be highly reliable, but its 
internal consistency and validity requires further evaluation (Katona & Aldridge, 
1985). The Cornell Scale for Depression in Dementia is a 19-item instrument that 
uses information gathered from an interview with both the patient and a carer 
(Alexopolous et ah, 1988). The scale has been shown to be more reliable than both 
the Hamilton Rating Scale for Depression and the Dementia Mood Assessment 
Scale in elderly patients with dementia (Camus et ah, 1995). The signs and symp- 
toms of depression are categorized into five areas: mood-related signs, behavioral 
disturbances, physical signs, cyclic function and ideational disturbances. 

The determination of depression of AD is predicated primarily on careful clini- 
cal assessment, rather than symptom rating scales. The clinician must establish the 
diagnosis of dementia of the Alzheimer type and identify that there are clinically sig- 
nificant depressive symptoms. This will involve thorough clinical assessment, with 
consideration of the temporal associations between the onset and course of the 
depression and the dementia. Finally, the clinician must judge that the depression is 
not better accounted for by a primary depression, other primary mental disorders, 
other medical conditions or adverse effects of medication. Thus, considerable clini- 
cal judgment is involved in making this diagnosis. 



9.2.4 Psychosis 

Psychotic symptoms such as hallucinations and delusions occur in individuals with 
AD. Most studies report these symptoms occurring in 20-40% of patients with 
AD (Wragg & Jeste, 1989). A recent study reported the cumulative incidence of 
psychosis to be 51% (Paulsen et al., 2000). The actual figures vary from one study 
to another depending on the rating scales, study population, severity of the demen- 
tia and the diagnostic criteria. AD with psychosis has been associated with more 
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severe cognitive deficits in patients with AD matched on other clinical character- 
istics (Stern et ah, 1987; Jeste et ah, 1992). The presence of psychotic symptoms 
also is an independent predictor of aggressive behavior, more rapid functional 
decline and premature institutionalization (Gilley et ah, 1997; Lopez et ah, 1999; 
Mortimer et al., 1992). Studies conflict regarding whether AD with psychosis is 
associated with more rapid cognitive dysfunctions although most have found an 
association (Paulsen et al., 2000; Lopez et al., 1999; Levy et al., 1996). Visual hal- 
lucinations are the most common hallucinations in AD but their relation to other 
cognitive and noncognitive symptoms is unclear. It has been observed that AD 
patients with visual hallucinations have more behavioral disturbances and perform 
worse on mental status testing than those without visual hallucinations, despite 
similar disease duration (Lerner et al., 1992). Auditory hallucinations occur in up 
to 17% of patients with dementia but olfactory and tactile hallucinations are rare 
(Gilley et al., 1991). 

A wide variety of delusions have been reported in AD, including delusions of per- 
secution, delusions of infidelity, delusions of abandonment, or delusions that 
deceased individuals (e.g. parents) are still living (Tariot et al., 1995). Delusions 
have been reported in 10-73% of patients with dementia (Cohen et al., 1993; Flynn 
et al., 1991). Persecutory or paranoid delusions are the most common delusions in 
dementia, with delusions of theft occurring in 9-28% (Allen & Burns, 1998). 
Reports of misidentifications vary between 6.5 and 49% (Allen & Burns, 1998). 
Misindentifications delusions include the belief that one’s home is not one’s home, 
belief that a family member is someone else, has been reduplicated or is an imposter 
and the belief that images on the television are actually people present in the house. 
The underlying mechanism for psychosis in AD is not well understood. A recent 
hypothesis suggests that genetic risk factors for other psychiatric syndromes or vari- 
ants in neurotransmitter systems are risk factors for psychopathology in the course 
of AD. 

Determining the presence of hallucinations in AD patients presents different 
challenges. Since many AD subjects have expressive language difficulties, it may 
not be clear whether they are indeed hallucinating or experiencing illusions. Noc- 
turnal hallucinations present another challenge. Flallucinations transiently occur- 
ring upon falling asleep or awakening can be normal phenomena, but it may not 
be possible to make this distinction in an AD patient. Finally, care must be taken 
to exclude the possibility that hallucinations (and delusions) were not solely limit- 
ed to a period of acute delirium, or a transient, medication-induced state (Jeste & 
Finkel, 2000). 

The association between depression and psychosis in AD is relatively unstudied. 
In individuals that develop psychosis, the prevalence of depression in AD ranges 
from 40-50% (Wragg & Jeste, 1989). A population-based study using psychiatric 
rating scales found frequent presence of hallucinations (13%) and delusions (22%) 
(Lyketsos et al., 2000). Whereas criteria for psychosis of AD require the presence of 
delusions or hallucinations, delusions and hallucinations are not exclusionary crite- 
ria for depression of AD (Jeste &: Finkel, 2000). Therefore, when depression and 
psychosis co-exist in an AD patient, both should be diagnosed. 
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9.2.5 Sexual impairment 

When AD strikes, a spouse with these commitments is faced with a situation that, 
in terms of sexuality at least, is fraught with problematic contradictions. The mar- 
riage plays a vital role in the commitment to caregiving, and part of marriage is sex- 
ual intimacy. Yet, emotional intimacy, lost in AD, is also a condition for acceptable 
sexuality. Some caregivers are no longer interested in sexuality or physical intimacy. 
Common reasons given for this are the patient’s inability to identify the spouse or 
remember the spouse’s name, the patient’s incontinence or poor hygiene leading to 
physical distaste on the part of the spouse, and the change in relationship roles such 
that the caregiver feels more like a parent than a spouse. Still others fear sexual 
arousal that will later leave them with feelings that have no respectable outlet. 

Other spousal caregivers express an interest in maintaining sexual activity or 
physical intimacy but feel frustrated by problems that arise. For example, the patient 
may forget the sequence of events involved in intercourse and be unable to partici- 
pate as a sexual partner. The spousal caregiver may also be too physically tired to 
have energy for sexuality, or the spouse may feel guilty or embarrassed about initi- 
ating sex with a partner who cannot clearly consent or refuse. 

In women, there is a close linkage between physical and emotional intimacy. Sex 
is fine while the husband with AD still recognizes his wife. When that ends, sex can 
become conflictual and women may want to avoid sexual activity. 

Few studies exist to date concerning the effect of AD on the patient’s sexual 
interest and performance or the spouse’s willingness to continue to engage in sexu- 
al relations with the patient. A study that interviewed the wives of 26 male AD 
patients, inquiring specifically about changes in their sexual relationships, noted 
that 26 wives reported that the onset of their husbands’ disease had affected the sex- 
ual intimacy with their spouses (Shapira & Cummings, 1989). Their answers 
revealed three types of changes as follows: less interest in sex by eight of these AD 
patients after the onset of their disease with sexual contact rarely initiated, greater 
libido shown by four AD patients who sought more frequent sexual activity than 
before onset of the illness and inability of ten of the wives to engage in sexual rela- 
tions with their husbands after their disease became evident, even though the hus- 
bands continued to want sex. 

Recent surveys indicate that sexual behavior problems in the afflicted are more 
common than suggested. A study that investigated the impact of AD from a human 
developmental perspective to ascertain perceptions of marital quality and coping 
from a caregiver and afflicted spouses and to compare their answers with those of 
relatively healthy couples showed that indeed sexual behavior problems in the 
afflicted are common (Wright, 1991). Only 27% of the AD couples versus 82% of 
the well couples were still sexually active. High sexual activity occurred in 14% 
(n = 4) of male afflicted spouses (50% of sexually active couples), and of these, two 
were age < 60. High sexual activity was problematic to three-fourths of the female 
caregiver spouses. Caregivers evidenced adaptation and control. Afflicted spouses 
tended to deny problems and had distorted perceptions of interactions with their 
caregiver spouses. 
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Erectile failure is a frequent problem in men with AD and it was reported in 53% 
of 55 male AD patients with a mean age of 70.25 (Zeiss et al., 1990). Loss of erec- 
tion is not related to degree of cognition impairment, age or depression. A man with 
early AD may feel that he is no longer a true husband or appropriate sexual partner. 
The wife may share this view. The couple may focus their attention on making other 
salient adaptations to the disease such as dealing with its impact on the extended 
family and their own financial resources. The stress of these adaptations may pre- 
clude having the emotional energy to continue an active sexual relationship. Future 
research might follow a group of patients from early onset to get a more precise 
assessment of the time of onset of erectile failure, as well as other sexual complaints. 



9.2.6 Delirium 

Delirium or acute confusional state is another condition that is common in the 
elderly. According to the DSM-IV, delirium requires the disturbance of conscious- 
ness (i.e., reduced clarity of awareness of the environment) with reduced ability to 
focus, sustain or shift attention (APA, 1994). In addition, a change in cognition 
(e.g., memory deficit, disorientation, language disturbance) or the development of a 
perceptual disturbance that is not better accounted for by a pre-existing, established 
or evolving dementia is noted. The disturbance develops over a short period (usual- 
ly hours to days) and tends to fluctuate during the course of the day. Patients with 
dementia are at increased risk for delirium. Both delirium and dementia may coex- 
ist (Tune &: Ross, 1994). 



9.2.7 Sleep disturbances 

Diurnal rhythm changes and sleep disturbances are common in dementia (Rabins et 
al., 1982). In AD, approximately 22% of patients have some sleep disturbance 
(Allen & Burns, 1995). 



9.2.8 Wandering 

Wandering is one of the most troublesome behaviors and is a frequent cause of refer- 
ral to psychiatric services. It can be of different types, e.g. checking, trailing and pot- 
tering (Hope &c Fairburn, 1990). 



9.2.9 Apathy 

Apathy which denotes lack of motivation without dysphoria or vegetative symp- 
toms of depression can occur in up to half of patients in mild to moderate stages of 
AD and can be difficult to differentiate from depression. 
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9.2.10 Alterations in dietary habit 

Approximately 40% of AD patients have alterations in dietary habit and binge eat- 
ing or excessive appetite is noted in 10-20% (Allen & Burns, 1995). This may be an 
underestimation as more than half of the families do not see eating behavior as a 
problem even when it is present (Rabins et ah, 1982). 

9.3 Discussion 

Lawlor et al. (1994) suggested that AD is a clinically heterogeneous illness. Younger 
age at onset may be related to more prominent language and praxis impairment and 
the development of depression during the course of the illness. Manic symptoms are 
reported less often in dementia, the rate varying between 2.5 and 17% (Allen & 
Burns, 1995). Apart from being less common, they may be under-reported and dif- 
ficult to differentiate from other neuropsychiatric symptoms. Further research may 
help in clarifying these issues and may lead to identification of specific subtypes of 
AD with an associated pattern of BPSD. 

It is suggested that various neurotransmitters, including ACh, norepinephrine, 
dopamine, serotonin and glutamate may be involved in the causation of neuropsy- 
chiatric symptoms in AD but the evidence is often indirect. Forstl et al. (1994) found 
that AD patients with psychotic symptoms had lower neuronal counts in parahip- 
pocampal gyrus, CA1 region of hippocampus, dorsal raphe nuclei and locus 
ceruleus. Delusions and hallucinations were found to be related to higher SP counts 
in presubiculum and delusional misidentifications were associated with lower neu- 
ronal counts in the CA1 region of the hippocampus (Forstl et al., 1994; Zubenko et 
al., 1991). Neuroimaging evidence suggests that psychiatric and behavioral symp- 
toms in dementia are not random consequences of diffused brain disease but are 
fundamental expressions in the regional cerebral pathology (Sultzer, 1996). 
Research into biological factors responsible for the neuropsychiatric symptoms of 
AD is expanding and may further the understanding between brain and behavior. 
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10.1 Introduction 

Carrying out the neuropsychological assessment at an early stage of dementia has 
the goal of revealing memory disorders, which are not always associated with mem- 
ory complaints. It also characterizes the memory disorder in the context of cogni- 
tive neuropsychology, thus permitting other cognitive functions to be integrated 
with the memory disorder into a broader syndrome. 

As memory dysfunction is generally the first and most severe cognitive impair- 
ment in AD, the choice of memory testing to be used in these studies is of great 
importance. It should reflect an understanding of memory systems being assessed 
with neuropsychological tests and the fact that some tests can be more appropriate 
than others to show benefit with certain classes of cognition-enhancing medica- 
tions. Various consensus statements recommend diagnostic assessments that 
include a complete history from someone who knows the patient well, physical and 
neurological examination, and a careful mental status examination. Cognitive 
deficits can be detected several years before the clinical diagnosis of dementia and 
establishing the neuropsychological profile often indicates the underlying neu- 
ropathology (Linn et al., 1995). The importance of well-designed clinical trials 
using valid, sensitive and reliable tools of neuropsychological evaluation methods 
to measure cognitive and behavioral effects of drugs to demonstrate efficacy is cru- 
cial. Neuropsychological variables remain the most informative approach to detect 
and analyze the activity of the drugs on the different components of cognition. 
Assessment of cognitive function is the essential co-primary measure of efficacy in 
clinical trials. Treatments that improve, or reduce the decline of, cognition would 
be expected to provide important benefits to patients with AD and their caregivers 
(Wimo et al., 1998). 

Ratings can be self-reported, observer-rated or based on information from an 
informant. The choice of instrument is often based on a combination of the user’s 
knowledge of the scale, the time available for its application and the presence and 
reliability of an informant. Subjective ratings are highly dependent on the coopera- 
tion of patients and their ability to comprehend either written or verbal instructions. 
Informant-based assessments are often used for patients with dementia who may 
not be reliable observers of their own functioning or behavior. Such ratings may be 
subject to bias as it may be influenced by the informant’s mood state or perceptions. 
Often, using both a proxy reporting with a direct patient interview gives the best 
result. 
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Table 10.1: Cognitive portion of the ADAS-cog 



Item 


Possible points 


Spoken language ability 


5 


Comprehension of spoken language 


5 


Recall of test instructions 


5 


Word-finding difficulty 


5 


Following commands 


5 


Naming objects, fingers 


5 


Construction (drawing) 


5 


Ideational praxis 


5 


Orientation (time, day, date, month, year, season, person, place) 


8 


Word recall 


10 


Word recognition 


12 


Total 


70 



10.2 Memory assessment 

10.2.1 The Alzheimer Disease Assessment Scale - Cognitive Subscale 

The ADAS-cog measures memory, orientation, reasoning, language and other areas 
of cognition (see Table 10.1; Rosen et al., 1984). Scores range from 0 to 70. The 
higher the score, the greater is the cognitive impairment. In general, a 3 -point to 4- 
point improvement is needed to see a clinical difference in symptoms. It has become 
a de facto standard, and most recent clinical trials have used ADAS-cog as the pri- 
mary index of cognitive change. Its reliability and validity have been established in 
the original version. The test-retest and inter-rater reliability of the original English 
ADAS scale, ADAS-cog and non-cognitive subscales are good. The inter-rater reli- 
ability of the ADAS-cog is 0.989. Its test-retest reliability is 0.915 which is much 
better than that of the non-cognitive subscale of 0.588 (Rosen et al., 1984; Mohs 
& Cohen, 1988). Versions in Japanese, Greek, German, French, Spanish, Dutch, 
Swedish, Chinese, Icelandic, Finnish, Danish and Hebrew have also been devel- 
oped. For the Chinese version, pictures instead of words for the assessment of recall 
and recognition were used in order to accommodate illiteracy (Fiu et al., 2002). 
The Chinese ADAS-Cog has high internal consistency (Cronbach’s alpha = 0.87) 
and very high interrater reliability and test-retest reliability. The National Institute 
of Aging AD Cooperative Study group has also been developing an expanded 
ADAS-cog to assess attention and executive function more directly (Mohs et al., 
1997). 

Compared with other cognitive scales, ADAS-cog is more sensitive to a wider 
range of disease severity and has greater specificity to the major dysfunctions expe- 
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rienced by patients with AD. Regulatory authorities often define a four-point 
improvement on ADAS-cog relative to baseline as a clinical “responder”. The 
ADAS, which is used principally for longitudinal studies, was designed to provide a 
composite assessment of longitudinal investigations and clinical trials including 
patients with AD (Rosen et al., 1984). 

The modified ADAS, another important neuropsychological test, was construct- 
ed as a severity scale applicable to patients diagnosed as suffering from AD (Rosen 
et al., 1984; Mohs & Cohen, 1988). It is a good representative of the sort of scale 
containing both cognitive and non-cognitive items. The scale consists of 21 items - 
11 items pertaining to the cognitive section (ADAS-cog) and 10 items to the inter- 
view-based ratings of behavioral symptoms (ADAS-Ncog). Due to its facility to use, 
ADAS has become one of the most widely used research tools for the assessment of 
treatment efficacy in large clinical trials of pharmacological treatment of AD. This 
scale has also been adapted to several languages. In a large-scale multicenter clini- 
cal trial, ADAS clearly demonstrated reliability and validity in the assessment of 
symptom severity in AD patients (Weyer et al., 1997). 



10.2.2 The Mini-Mental State Examination 

The ADAS-cog is primarily a research tool. Practitioners in the clinical setting may 
be more likely to use other cognitive tools such as the MMSE. The MMSE was 
developed as a bedside tool to evaluate the cognitive status of elderly persons in clin- 
ical settings (Table 10.2). It was not intended for use as a clinical screening instru- 
ment but has nonetheless been incorporated into clinical trials as a staging criterion 
for entry and has been used as a secondary measure of cognitive functions 
(Tombaugh & McIntyre, 1992; Feher et al., 1992). It is brief and easy to adminis- 
ter, and has shown good reliability. Validity as a screening test is generally accept- 
able although certain limitations have been identified (Feher et al., 1992). Validity 
may be weak in samples that include psychiatric patients, and the MMSE may not 
detect focal brain dysfunction or mild dementia (Feher et al., 1992; Faustman et al., 
1990; Naugle &: Kawczak, 1989). This may be due to limited coverage of right 
hemisphere functions, and to the use of overly simple items (Feher et al, 1992; Maz- 
zoni et al., 1992). An MMSE score of 27 or higher is usually taken as excluding 
mental impairment, while one of 23 or lower generally indicates sufficient cognitive 
decline for the diagnosis of dementia to be made (Folstein et al., 1985). Published 
normative data allow interpretation of scores according to the patient’s age and edu- 
cation (Crum et al., 1993). 

MMSE is the most frequently used scale worldwide for screening procedures for 
dementias (Folstein et al., 1975). This very short examination contains seven areas 
of cognitive evaluation: orientation (for time and place), attention and calculation, 
language, ideomotor praxis, constructional praxis and memory. The MMSE is based 
exclusively on the cognitive components of dementia and is usually considered to 
have high inter-rater reliability and validity. It is commonly used to assess cognition 
in clinical practice. A score of less than 23 is most commonly used to classify 
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Table 10.2: The Mini-Mental State Examination 



Question 



Maximum Patient 
Score Score 



Orientation 

Give 1 point for each correct answer. 

What is the (year) (season) (date) (day) (month)? 5 

Where are we: (state) (county) (town) (hospital) (floor)? 5 



Registration 

Name three common objects (such as an apple, table, penny). 

Take one second to say each. Then ask the patient to repeat all 
threeafter you have said them. Give 1 point for each correct 
answer. Repeat them until he or she learns all three. Count trials 
and record. Trials: - 3 

Attention and calculation 

Ask the patient to count backward from 100 by sevens. Stop 
after five answers. Give 1 point for each correct answer. 

Alternatively, spell "world" backward; score 1 point for each 

letter in the correct order. 5 



Recall 

Ask the patient to recall the three objects previously stated. 

Give 1 point for each correct answer. 3 



Language 

Show the patient a wristwatch; ask the patient what it is. 

Repeat with a pencil. (2 points) 

Ask patient to repeat the following: "No ifs, and, or buts." (1 point) 

Ask the patient to follow a three-stage command: "Take a paper 
in your right hand, fold it in half, and put it on the floor." (3 points) 

Ask the patient to read and obey the following sentence, which 
you have written on a piece of paper: "Close your eyes." (1 point) 

Ask the patient to write a sentence. (1 point) 

Ask the patient to copy a design. (1 point) 9 



Total score: 



patients as cases (Tombaugh &c McIntyre, 1992). A MMSE score of 26 or less 
should be considered abnormal in an individual with a high school education. A 
score of 27 to 30 with evidence of decline of intellectual function (usually manifest- 
ed as difficulty with work or household tasks) requires more extensive neuropsy- 
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chological testing to document objective cognitive impairment. However, one has to 
be careful not to over-interpret MMSE scores, because low levels of education and 
speech impairment will reduce its validity. Highly educated individuals may have 
high MMSE scores despite an obvious decline in their prior abilities. As a cognitive 
assessment, the MMSE is very limited; the majority of the measures can be qualified 
as cerebral posterior ones, neglecting executive functions and working memory 
alterations. The evaluation of episodic memory, severely altered in AD, is almost 
inexistent. Therefore, in minimal and mild AD, the probability of having ceiling 
effects is strong. Nevertheless, the MMSE is useful for confirming the impression 
from history taking that there is cognitive loss, and the test can be repeated over 
time to assess deterioration and response to treatment. 

The MMSE is a nonspecific screen for cognitive function and has some limita- 
tions. It is not sensitive for detecting cognitive impairment in individuals with high- 
er levels of education or high levels of premorbid functioning. Conversely, those 
with low levels of education or minority cultural backgrounds may score low on the 
test without impairment. Patients with high education levels may show normal cog- 
nitive function on the MMSE despite the presence of functional decline, while con- 
versely, some patients with low education levels may show MMSE scores yet no 
functional decline. MMSE has disadvantages for the screening of vascular demen- 
tia; it emphasizes language and verbal memory, it lacks the recognition part of mem- 
ory, it has no timed elements and it is not sensitive to impairment in executive func- 
tions or mental slowing (Roman et al., 1993). However, the MMSE is especially use- 
ful when repeated regularly to follow illness progression. Over 12 months, 
untreated patients would be expected to decline by 2-4 points on the MMSE (Aisen 
et al., 2000; Mulnard et al., 2000). 



10.2.3 The Blessed dementia scale 

The Blessed dementia scale (BDS) is, to our knowledge, the oldest scale to be used 
in trials of cognition-enhancing drugs (Blessed et al., 1968). It contains two main 
subdivisions: BDS-part 1 relates to ADL with a negative scoring system (0 to 28), 
and a BDS-part 2 relates to cognition with a positive scoring system (0 to +37). 
BDS-part 2 is also called the information-memory-concentration test. 



10.2.4 The Gottfries-Brane-Steen scale 

The Gottfries-Brane-Steen scale (GBS) contains four areas of evaluation such as 
motor functions, emotional functions, intellectual functions and different symptoms 
common in dementia (e.g. confusion or restlessness) (Gottfries et al., 1982). Clini- 
cal experience with the GBS scale suggests that an approximate 10-point or 10-15% 
treatment in the total score is clinically relevant in studies conducted in patient pop- 
ulations with a baseline score of approximately 80 points (moderate dementia) 
(Waldemar et al., 2000). 
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10.2.5 The Cambridge Mental Disorders of the Elderly Examination 

Some interview schedules explore the cognitive functioning of the patients, their daily 
living adaptation and the presence of psychiatrically relevant symptoms. Among the 
few standardized interview schedules currently available, the CAMDEX which con- 
tains a cognitive section (CAMCOG) offers high psychometric quality due to its sen- 
sitivity to different levels of severity of dementia, rated on the basis of international- 
ly established criteria (O’Connor et ah, 1989, 1990; Roth et al., 1986, 1988). In par- 
ticular, the CAMDEX reliably detects cases of minimal and mild dementia and is 
independent of cultural factors (Linas et al., 1990; Neri et al., 1992). The design of a 
short version of this interview (administration of initial version requires 60-90 min) 
which requires 30 min to administer and consists of 106 items of the 340 items of the 
full form make it more feasible (O’Connor, 1990). The CAMDEX is another inter- 
esting scale to be used in AD research (Roth et al., 1986). It is a structured instrument 
made up of eight sections - an interview with the subject, a cognitive section (the 
CAMCOG), the interviewer’s observations of the subject, a physical examination, a 
note of medication, any additional information and an interview with an informant. 
The resulting information provides a formal diagnosis in a number of categories: four 
types of dementia, delirium, depression, anxiety, paranoid disorder and other psychi- 
atric disorders. Interrater reliability is excellent. The CAMDEX has been used exten- 
sively in research studies. The European Community guidelines state this scale as the 
preferred scale to use in AD research. These three scales appear as the “golden stan- 
dard” scales to be used in pharmacological research. 



10.2.6 The 7-minute neurocognitive screening battery 

The 7-minute neurocognitive screening battery known as the “7 Minute Screen” is 
another test that has been demonstrated to be very reliable and can be more rapidly 
administered. It is more neurocognitive in nature and demonstrates less bias than the 
MMSE. In contrast to the MMSE, which takes approximately 30 min to administer, the 
7 Minute Screen is reported to take an average of 7-8 min to administer and can be used 
with minimal training in primary care offices as well as long-term facilities (Solomon et 
al., 1998). It has four sections, each measuring a different aspect of cognition often com- 
promised in those with AD that take advantage of the evolving understanding of the 
cognitive differences between AD and the normal aging process. The tests are an orien- 
tation test, a memory test, clock drawing and verbal fluency. The test yields high degree 
of sensitivity (92%) and high specificity (96%) (Scinto & Daffner, 2000). 



10.2.7 The Mattis dementia rating scale 

The Mattis dementia rating scale (DRS) was designed as a screening instrument to 
detect the presence of brain pathology in impaired geriatric patients (Mattis, 1976). 
It evaluates a broad array of cognitive functions and includes subtests for attention, 
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initiation, construction, conceptualization, verbal and nonverbal memory. Thus, it 
is sensitive to frontal and fronto-subcortical dysfunctions. High test-retest reliabili- 
ty has been reported and normative data have been published (Mattis, 1976; 
Schmidt et al., 1994). 

The DRS is widely used in clinical and research settings as a global measure of 
cognitive functioning in patients with AD. The DRS has greater sensitivity to longi- 
tudinal cognitive decline in AD than either of two other commonly used assessments 
tools, the BIMC test and the MMSE (Salmon et al., 1990). The DRS has reasonably 
high power to discriminate AD from other dementing illnesses (Salmon et al., 1989; 
Rosser & Hodges, 1994). The indices thought to best discriminate patients with AD 
from healthy older individuals are the memory and initiation/perseveration sub- 
scales (Monsch et al., 1995). 



10.2.8 The Brown -Peterson task 

The Brown-Peterson task has been used to determine whether the rate of forgetting 
is similar to that of the control group or whether the AD patients forget more quick- 
ly. Some initial reports indicate that the loss of information was indeed quicker in 
the patient group (Sullivan et al., 1986). Nevertheless, subsequent studies that were 
able to equate the initial level of acquisition demonstrated that although AD 
patients clearly performed less well than the controls, they did not forget more 
quickly (Dannenbaum et al., 1988; Koppelman, 1985, 1991). The forgetting curves 
were parallel for the two groups with verbal and non-verbal items. 

Among the most frequently used STM tasks are verbal memory span tasks and the 
Brown-Peterson task (Brown, 1958; Peterson & Peterson, 1959). In the former, some 
investigators have reported significant differences between AD patients and normal 
elderly whereas others have not found such differences (Belleville et al., 1996; Collette 
et al., 1999; Morris, 1984, 1986, 1987; Lines et al., 1991; Weingartner et al., 1983). 
A recent study designed to determine whether the poor performance of AD patients in 
the Brown-Peterson paradigm might be accompanied by a pattern of errors that is 
qualitatively different from that of the control group, or whether the errors are of the 
same type but only in large numbers, showed that the rate of forgetfulness was simi- 
lar in AD and control groups (Sebastian et al., 2001). Contrary to other studies where 
an AD forgetfulness tendency of omissions was observed, this study showed an excess 
of perseveration indicating problems in the central executive (Sebastian et al., 2001; 
Dannenbaum et al., 1988; Kopelman, 1985). Thus, these data suggest that the perfor- 
mance deficit shown by AD patients in the Brown-Peterson task is primarily due to a 
difficulty in renewing or updating the contents of working memory. 



10.2.9 The Cognitive Drug Research Computerized Assessment System 

The Cognitive Drug Research Computerized Assessment System (COGDRAS) 
was originally designed to evaluate the cognitive effects of drugs (Wesnes et al., 
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1987). A further version of the system was developed to examine aspects of cog- 
nitive performance in people with dementia. Thus, the COGDRAS has estab- 
lished sensitivity in assessing cognitive changes associated with drug therapies in 
many populations from young to elderly. In one study, the performance of 23 
elderly patients with established dementia was compared with that of control 
subjects (Simpson et al., 1991). The demented patients showed large and signifi- 
cant impairments in the speed of choice reaction time and the accuracy and speed 
of all memory tasks. There was good correlation with standard diagnostic instru- 
ments and good test-retest reliability, showing that the assessment package was a 
valid reliable tool in dementia. Using the COGDRAS to assess memory in 
patients (range: 28-83 years) that were divided into five groups (worried well, 
depressed, demented, minimally cognitively impaired and other brain disorders), 
the performance of the demented group was observed to be significantly impaired 
in comparison with the worried well group (Nicholl et al., 1995). The depressed 
group tended to perform slightly less well that the worried well and the “other” 
group showed a wide range of scores consistent with its diversity. The minimally 
impaired had scores intermediate between the demented and worried well. 
Demented elderly patients and controls performed a version of the COGDRAS 
comprising cognitive tasks measuring choice reaction time, vigilance, and the sen- 
sitivity and speed of digit, word and picture recognition (Simpson et al., 1991). 
The demented patients showed large and highly significant impairments in the 
speed of choice reaction and in the sensitivity and speed of all memory tasks. 
These findings, together with evidence of good test-retest reliability, indicate that 
for demented patients, the utility of this system to assess cognitive change should 
be comparable to that of previous versions with the young and with non-dement- 
ed elderly. 

The relationship between speed and accuracy on computer testing requires fur- 
ther work. It appears that in the early states of cognitive impairment an individual 
may be able to obtain the correct response at the expense of taking a longer time to 
perform the task. 



10.2.10 Informant Report Questionnaire 

Alternative approaches to screening for dementia have been proposed and of these, 
informant report is the most promising (Mulligan et al., 1996). This approach 
involves the administration of a questionnaire to a person who knows the patient 
well. Questionnaires of this type inquire about aspects of memory and intellectual 
function in everyday situations compared to earlier in life. 

While clinical practice in the assessment of dementia often includes an informal 
interview with a relative of the patient, only the administration of an informant 
report questionnaire permits a quantitative rating of the changes observed. The 
Informant Questionnaire on Cognitive Decline in the Elderly is a self-administered 
questionnaire that asks an informant about changes in an elderly patient’s cognitive 
performance over the previous 10 years. Studies of this instrument with a variety of 
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patients have shown high reliability and a good ability to differentiate demented 
from undemented patients (Jorm et ah, 1991; 1996). 

10.3 Choice of an appropriate sensitive cognitive test 

Choosing an appropriate test to measure cognitive decline in AD in clinical trials is 
not an easy task. A good approach to use these assessment methods is to know how 
and when to use which of the existing scales. The qualities of these methods to con- 
sider would be their reliability, especially the inter-rater reliability and the validity. 
A good cognitive test must not only show adequate reliability and validity in detect- 
ing the presence and severity of cognitive dysfunction, but must also include a wide 
range of items with increasing difficulty. Ideally, it should include both easy and dif- 
ficult items in each of the cognitive domains such as memory, spatial skills and lan- 
guage that is evaluated. If difficult items are missing in the test, this would limit the 
sensitivity of the test to milder and more subtle cognitive dysfunction, making the 
test susceptible to “ceiling” effects. On the other hand, if easier items are not includ- 
ed in the test, this would cause the test to lack sensitivity at the more severe end of 
the range of cognitive dysfunction, leading to “floor” effects. Both “ceiling” and 
“floor” effects affect the sensitivity or power of a test to detect significant differ- 
ences in cognitive impairment that produced a higher rate of false-negative results 
(Nunnally, 1978). 

The best instrument for assessing memory disorders in early dementia is proba- 
bly the Free and Cued Selective Reminding Test (FCSRT) (Grober &c Buschke, 1987; 
Grober et al., 1997). Unlike most clinical memory tests that do not control cogni- 
tive processing, this test includes a study procedure in which subjects search for 
items (e.g. grapes) in response to cues (e.g. fruit) that are later used to elicit recall of 
items not retrieved by free recall. Moreover, this test provides a characterization of 
the memory impairment that distinguishes AD from subcortical dementia and from 
FTD (Pasquier, 1996; Pillon et al., 1993). This test is sensitive to early neuropatho- 
logical changes in AD, in comparison to global status tests (Grober et al., 1997). 

For the assessment of the effects of drugs on working memory and measuring the 
CES and the articulatory loop, the DS of the subtest of the WAIS has often been 
used. For the functioning of the visuospatial sketchpad, many other tests which 
include the Corsi’s blocks test, the complex visual search test, various cancellation 
tasks, the trail making test (TMT-A), the Barbiset-Cany’s 7/24 immediate recall, a 
STM test for figures, and a sequential visual test memory test have been used. The 
DS subtest of the WAIS has been the test of working memory most frequently uti- 
lized in drug trials. 

Several tests of episodic memory have been used in drug trials. The most com- 
mon ones were, in order of frequency: (1) the logical memory subtests of Wechsler 
memory scale (WMS, immediate and delayed free recall of orally presented para- 
graphs or stories), (2) the Buschke selective reminding test (learning of a list of 
words or drawings of objects visually presented with recognition, free and cued 
recall paradigms), (3) the paired associates learning subtest of the WMS (learning a 
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list of semantically related and non-related paired words orally presented with a 
cued recall paradigm, (4) the Rey auditory verbal learning test (RAVLT, learning of 
a list of words orally presented with free recall and recognition paradigms), (5) the 
5-item test (acquisition of learning phase, 10 min and 24 h delayed recall), (6) the 
names-learning test and (7) various tests of verbal and visual recall and recognition. 
The paired associates learning subtest of the WMS has not been very successful in 
showing any change in performance in groups treated with different drugs. The 
RAVLT has been comparatively more useful than the paired associates test in 
demonstrating change in episodic memory performance in patients treated with cog- 
nition enhancer drugs (Taylor, 1959; Rey, 1964). 

Three tests have been used to assess semantic memory: verbal fluency tasks, the 
Boston naming test and the vocabulary subtest of the WAIS (Wilson et al., 1981; 
Goodglas & Kaplan, 1972; Borod et al., 1980). Verbal fluency tasks have been the 
semantic tests most extensively employed. 

The clinical and cognitive scales most frequently used in trials of cognition- 
enhancing drugs are the MMSE, the ADAS, the Sandoz Clinical Assessment-Geri- 
atric (SCAG), the Self-Assessment Scale-Geriatric (SASG), the BDS, the GBS, the 
GDS, the WAIS and the WMS (Folstein et al., 1975; Rosen et al., 1984; Shader et 
al., 1974; Yesavage et al., 1981; Blessed et al., 1968; Gottfries et al., 1982; Reisberg 
et al., 1982). The clinical global impression of change (CGIC) and the clinical inter- 
view based impression of change (CIBIC) are the most frequently used general 
observational evaluations. 

Earnst et al. (2000) attempted to identify cognitive predictors of legal standard 
competency judgments in patients with AD. Tests of basic and simple verbal com- 
munication such as the Boston Naming Test were predictive of patients’ capacity to 
make a reasonable treatment choice. Subsets of the Dementia Rating Scale and the 
Wechsler Memory Scale were predictive of the more complex abilities needed to 
meet standards for appreciation of treatment choice, rational reasoning and under- 
standing of treatment situation and choice. Overall, neuropsychological tests do not 
provide automatic answers to competency but by providing objective measures of 
capacity relative to other known populations, they can provide a more substantial 
basis for making judgments. 



10.4 Discussion 

All cognitive tests are not equally suited for longitudinal clinical trial. Comparing 
the sensitivity of three cognitive tests (MMSE, BIMC and DRS) in AD, it was found 
that the DRS showed greater annual rates of change scores in the moderately to 
severely impaired patients than in the mildly impaired patients (Stern et al., 1994; 
Salmon et al., 1990; Mattis, 1989). This sensitivity difference may be explained by 
the fact that the DRS includes more easy items than the other two instruments. It 
was recommended to use the DRS when following more severely impaired patients. 
Cognitive or mental status testing should include assessment of attention, level of 
arousal, orientation, recent and remote memory, language, visuospatial function, 
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calculations, and judgment. Techniques used to assess these domains are discre- 
tionary and may include tests and screening instruments combined with clinical 
impressions. Clinicians are advised to take into account educational and cultural 
factors when interpreting test results. The digit span test, the RAVLT, the Buschke 
selective reminding test and the verbal fluency tasks are the most sensitive memory 
tests, whereas the most sensitive scales are the Sandoz clinical assessment geriatric, 
the Gottfries-Brane-Steen and the BDS. 

The lack of sensitivity of the BIMC in mild and severe cases of AD may have led 
to failures to detect cognitive changes over time in clinical trials (Stern et al., 1994). 
Also the Blessed rating instruments do not seem ideal for evaluating the severity of 
dementia in AD (Reisberg et al., 1988). More research examining sensitivity issues 
of cognitive instruments in AD needs to be done to help investigators select the best 
appropriate tests to analyze adequately the cognitive decline in AD patients accord- 
ing to the experimental designs performed. 

In a recent study, the interaction of AD severity and visual stimulus complexity 
in relation to brain function was studied in controls, mildly and moderately to 
severely affected patients with AD (Mentis et al., 1998). Functional failure was 
observed in patients with mild dementia when large neural responses were required 
and in patients with moderate/severe dementia when large and intermediate 
responses were required. Functional abnormalities in AD in striate and immediate 
extrastriate association areas (Brodmann’s areas 18 and 19) suggest a dysfunction 
in perceptual processes. It was suggested that as accurate perception facilitates accu- 
rate memory and visuospatial and executive functions, perceptual anomaly may 
likely contribute to the dementia of AD and that drug treatment should also be 
directed toward modulating perceptual networks in addition to those underlying the 
usual cognitive and attentional processes. Such visual information processing 
approach may provide important information to identify functional anomalies at an 
early stage in mild dementia in the presence of minimal pathology and for drug 
treatment evaluation. It may also be used as objective psychophysiological measures 
of drug efficacy. 

The ADAS-cog is more elaborate than the MMSE, but many of the criticisms 
aimed at the MMSE are also appropriate for the ADAS, in particular those con- 
cerning the use of posterior measures and the probability of ceiling effects in mini- 
mal and mild AD. Unlike the MMSE, the ADAS assesses to a limited extent the 
capacity of episodic memory. However, the cueing paradigm, of interest for minimal 
and mild AD, is not employed and there is no evaluation of the consolidation capac- 
ity (with the delayed recall paradigm). Furthermore, the ADAS has no quantitative 
and thorough evaluation of semantic memory, and no evaluation of working mem- 
ory, autobiographical memory or personal semantic memory. This lack of measures 
sensitive to the first stages of the disease, and specifically, the lack of memory sys- 
tem measures in the ADAS has already been reported (Mohr et al., 1995). The FDA 
now recommends the ADAS as the scale of choice in psychopharmacological 
research. 

Commonly used global cognitive screening tests such as the MMSE and the orig- 
inal version of the CAMCOG have been shown to be insensitive to early cognitive 
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deficits associated with AD but are still widely used to aid clinical diagnosis. The 
CAMCOG has a number of subscores for different cognitive domains with limited 
demand per domain. Highly educated and high-IQ subjects may show ceiling effects 
on these tests (Huppert et al., 1995; Cullum et al., 2000). The MMSE has been crit- 
icized for its lack of specificity if used with low-education groups (Jacqmin-Gadda 
et al., 2000). Domain-specific cognitive measures have been shown to be more effec- 
tive at predicting global cognitive decline than global screening measures (Swainson 
et al., 2001). In addition to age and education, impairment in hearing and vision as 
well as cultural and language background may affect performance on cognitive test- 
ing. Nonnative English speakers may have difficulty with cognitive function tests 
given in English. Individuals relatively fluent in English may still perform at a high- 
er level in their native language given the stress of cognitive function tests. Cogni- 
tive screening tests translated into the native language should be used when possi- 
ble. Even when assessing cognition in the language most comfortable for the patient, 
culturally biased items on the screening test used may still affect performance, 
requiring interpretation of the test results within culture-specific norms. Reliable 
translations and adaptations of screening scales developed for Western cultures such 
as the MMSE are now available (Katzman et al., 1988; Ganguli et al., 1995; Kabir 
et al., 2000; Teng et al., 1994; Glosser et al., 1993). However, the level of the edu- 
cation of the subjects influences these cognitive screening scales. To overcome this 
problem, the Community Screening Interview for Dementia was proposed for use in 
transcultural studies (Hall et al., 2000). This scale combines a cognitive test for non- 
literate and literate populations and an informant interview concerning perfor- 
mance in everyday living. This combination produces better sensitivity and speci- 
ficity. 

The development and use of simple short tests may be interesting in dementia 
screening. Recently, the visual association test (VAT) to detect early dementia of the 
Alzheimer type was proposed (Lindeboom et al., 2002). This test is a brief learning 
test based on imagery mnemonics. The materials consist of six line drawings of pairs 
of interacting objects or animals, for example, an ape holding an umbrella. The per- 
son is asked to name each object and later is shown one object from the pair. He is 
requested to name the other. The VAT detects with high specificity a high propor- 
tion of patients with AD a year before the diagnosis (Lindeboom et al., 2002). Sen- 
sitivity was 79% and specificity was 69%. Therefore, the VAT appears a promising 
tool for the assessment of AD. 

The ability of psychometric tests to identify AD is heavily influenced by variables 
such as the patient’s educational attainment, age and social background. Therefore, 
the importance of culture in cognitive assessment has been emphasized (Ardilla, 
1995). A recent study designed to validate a concise neuropsychologic assessment 
battery to identify early AD in an elderly Chinese population studied how the level 
of literacy influenced the psychometric performance and determined the best indi- 
vidual and combination of tests from the battery to detect AD (Sahadevan et al., 
2002). The results indicate that the majority of tests in the neuropsychologic battery 
validly identify early AD in the elderly Chinese subjects. However, for all the psy- 
chometric tests the influence of education was significant such that the optimal cut- 
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off scores for each test became higher in the more literate group. Thus, correct inter- 
pretation of test scores required the adjustment for patients’ educational level. Ver- 
bal memory, verbal fluency and visuospatial functioning were the most important 
diagnostic variables. This neuropsychological pattern has broad similarities with 
findings from the Western countries, supporting the transcultural cognitive mani- 
festation of AD. 

The widespread use of standardized ratings such as the MMSE and more 
advanced variations such as the CAMDEX have greatly improved doctors’ ability 
to screen cognitive function. Despite the challenges, memory tests can differentiate 
individuals in the earliest phase of AD from those with memory impairment who 
will not progress to AD over a few years of follow-up (Tuokko et al., 1991; Jacobs 
et al., 1995; Rubin et al., 1998). Additional tests of cognition that assess, for exam- 
ple, the domains of language and praxis have also been shown to differentiate these 
two groups, although these additional measures have provided only modest preci- 
sion (Masur et al., 1994; Small et al., 1997). Neuropsychological tests were highly 
accurate in identifying individuals with memory problems who were destined to 
develop AD in one study in which researchers found that testing delayed recall of 
word list and mental manipulation of well-learned sequences predicted onset of AD 
2 years later (Tierney et al., 1996). A recent study identified measures of delayed 
recall and recognition as significant early predictors of subsequent cognitive decline 
in high-functioning older adults (Chodosh et al., 2002). Future efforts to identify 
those at greater risk of cognitive impairment may benefit by including these mea- 
sures. Overall, the balance of research findings suggests that memory tests, particu- 
larly those involving delayed recall, may be useful in determining which individuals 
are most likely to develop cognitive impairment over time. 

Future investigations should use sensitive memory tests, together with behavioral 
and psychiatric scales, rather than general observational evaluations. Future studies 
of cognition-enhancing drugs should include tests that assess memory systems 
known to be affected by AD in its minimal, mild and moderate stages as well as 
memory tests that have been shown to be responsible to specific neurotransmitters 
or have been able to detect improvement in several previous trials. Working memo- 
ry, episodic and semantic memory, autobiographical and personal semantic memo- 
ry, prospective memory should therefore be evaluation targets in drug trials. 




Chapter 1 1 

Functional abilities and behavioral symptom assessments 



11.1 Introduction 

In clinical practice, the behavioral disturbances seen in patients with dementia are 
helpful in determining disease severity and the need for support care. In patients 
with AD, the early appearance of behavioral symptoms is associated with faster dis- 
ease progression. The first neuropsychological dysfunction in AD is described as a 
loss of attention capacity, followed by loss of language and visuospatial function 
(Grady et al., 1988). Behavioral complications of dementing illness are common, 
adversely affecting the quality of lives of patients and caregivers. They create stress 
for caregivers, complicate patient management and often precipitate institutional- 
ization. About 70-90% of patients with dementia exhibit behavioral and psycho- 
logical symptoms at some time during the course of the disease. There has been 
growing interest in the detection and quantification of the emotional, behavioral, 
ideational, perceptual and vegetative symptoms that accompany and complicate the 
lives of persons with AD and their caregivers. The availability of scales to detect and 
quantify these aspects of the disease is important to clinical investigators seeking 
effective means of treating these symptoms. Reliable quantification of behavior is 
desirable to facilitate documentation of symptoms, provide a tool for follow-up of 
behavioral changes over time and enable researchers to measure the effects of behav- 
ioral and pharmacological intervention. 

Treatment of noncognitive features alleviates suffering in patients and carers. 
Treatments that delay the emergence of the behavioral symptoms or reduce existing 
symptoms would be expected to have beneficial effects on patients and their fami- 
lies (Knopman et al., 1996). The relationship of these early neurologic deficits to the 
patient’s ability to perform independently in ADLs is not fully understood. There are 
neuropsychological tests that can identify areas of function and dysfunction. 



11.2 Functional abilities and activities of daily living assessment 

The maintenance of baseline levels of functional abilities compared with placebo 
treatment should mean an improvement in quality of life for patients and carers. 
Also, the maintenance of ADL may allow a patient to live in an independent fash- 
ion for longer and may delay costly institutionalization (Wimo et al., 1998). 



1 1 .2.1 Blessed-Roth dementia scale 

The Blessed-Roth Dementia Scale has been widely used in dementia research in 
senile dementia (Blessed et al., 1988). The scale consists of 22 items, half of which 
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measure changes in functional abilities. Eight items measure changes in performance 
of everyday activities, three measure changes in performance of everyday activities, 
three measure changes in self-care habits and 11 assess behavioral changes. The 
scale has been shown to be a valid measure of the severity of dementia in that it is 
correlated with cognitive performance and aspects of the pathology of AD (Blessed 
et al., 1988). 



1 1 .2.2 Progressive deterioration scale 

The PDS was used in clinical trails of rivastigmine, donepezil and tacrine (Rosier et 
al., 1999; Knapp et al., 1994; Winblad et al., 1999). It is composed of 29 items rated 
by a caregiver, largely addressing ADL but also including items reflecting behavior 
and quality of life (Dejong et al., 1989). Scores range from 0 to 100. Studies using 
this scale as a measure of ADL have been criticized because the scale measures a 
range of domains and the resulting score does not necessarily assess changes in ADL 
(Bentham et al., 1999). 



11.2.3 Interview for deterioration in daily living activities in dementia 

The IDDD was designed as a severity instrument for quantifying impairment of 
patients’ ADL. It is a 3 3 -item structured interview of caregivers consisting of self- 
care items (e.g., washing, dressing, eating) and complex activity items (e.g., shop- 
ping, writing, answering the telephone) performed by men and women (Teunisse et 
al., 1991). Descriptions are elicited and frequency of assistance is rated on a three- 
point scale for each item. Both the initiative to perform activities and the perfor- 
mance itself are evaluated. 



1 1 .2.4 AD cooperative study - Activities of daily living inventory 

The AD Cooperative Study - Activities of Daily Living (ADCS-ADL) inventory was 
developed by the ADCS to assess functional performance in patients with AD 
(Galasko et al., 1997). In a structured interview format that takes less than 15 min 
to administer, informants are asked whether patients attempted each of 24 items in 
the inventory during the previous 4 weeks and if so, to comment on their levels of 
performance. The ADCS-ADL scale has good test-retest reliability and clearly dis- 
tinguishes the stages of severity of AD patients from very mild to severely impaired. 



1 1 .2.5 Alzheimer disease functional assessment and change scale 

The Alzheimer Disease Functional Assessment and Change Scale (ADFACS) is used 
for the assessment of ADL in patients with AD with particular reference to out- 
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comes in clinical trials (Galasko et al., 1997). It is informant-based and takes 20 
min. The scale has been used in clinical trials and consists of ten items for instru- 
mental ADL: ability to use the telephone, performing household tasks, using house- 
hold appliances, handling money, shopping, preparing food, ability to get around 
both inside and outside the home, pursuing hobbies and leisure activities, handling 
personal mail and grasping situations or explanations. These are rated from no 
impairment to severe impairment. The scale was developed from 45 activities of 
daily living items. Changes on some of the items have been shown to be sensitive to 
change over 12 months and to correlate with the MMSE with excellent test-retest 
reliability (Galasko et al., 1997). 



1 1 .2.6 Disability assessment for dementia 

The DAD scale was developed specifically for use in patients with AD (Gelinas &: 
Auer, 1996; Gelinas et al., 1999). The DAD scale includes 17 items related to basic 
self-care and 23 to instrumental ADL. The instrument is completed either by the 
caregiver as a questionnaire or is administered as a structured interview (Gelinas et 
al., 1999). 



11.3 Behavioral assessment 

It is generally agreed that behavioral abnormalities are common in dementia and 
that most behavioral change is not thought to be solely a consequence of cognitive 
impairment. Some altered behavior may be manifested before there is much change 
in cognition and may be the presenting feature indicating a high risk for subsequent 
development of dementia. Therefore, it is important to adequately assess behavioral 
disturbances in AD. The best approach for behavioral assessment appears to be 
directly observable behavior documented by a trained clinician with a well-validat- 
ed rating instrument (Patterson &: Bolger, 1994; Hope &: Fairburn, 1992). 

The use of behavioral scales is an important component in determining efficacy of 
new drugs in clinical trials for AD. Behavioral assessment in clinical trials must be 
sensitive to disease heterogeneity, disease progression and drug modification of 
behavior. Three such scales, the behavior pathology in AD rating scale (BEHAVE-D), 
the consortium to establish a registry for AD behavior rating scale for dementia (C- 
BRSD) and the CMAI are useful in clinical trials. The BEHAVE-AD, C-BRSD and 
CMAI scales are valid, reliable, rapid to administer, cover relevant behaviors occur- 
ring during the course of the disease and are appropriate for use in AD clinical trials. 



1 1 .3.1 The dementia behavior disturbance 

The Dementia Behavior Disturbance (DBD) scale was developed in the late 1980s, 
a time when the importance of behavioral symptoms in dementia was increasingly 
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being recognized. The DBD scale was designed to quantify specific observable 
behaviors usually associated with dementia through an interview with the patient’s 
primary caregiver (Baumgarten et ah, 1990). 



1 1 .3.2 The eating behavior scale 

Eating is complex behavior that requires attention, initiation, conceptualization, 
visuospatial abilities and planning. The deficits, identified through the neuropsy- 
chological testing support the observations of mealtime difficulties in AD patients. 

The Eating Behavior Scale (EBS) was developed to measure AD patients’ func- 
tional ability during eating (Tully et al., 1998) (see Table 11.1). The EBS incorpo- 
rates the cognitive components of functional abilities providing a greater depth of 
information for assessment purposes. The EBS is an easy-to-use observational tool 
that does not place an additional burden on the patient. Accurate assessment of the 
impact of interventions can be made by using such a standardized tool. The signifi- 
cant correlations between the EBS and other neuropsychological tests support the 
validity of this measurement tool (e.g., correlation coefficients between EBS scores 
and MMSE = 0.8210, Mattis Dementia Rating Scale = 0.8865, Raven Colored 
Matrix sub-test = 0.9912 and Ravens Colored Progressive = 0.9912). Use of the EBS 
can provide the family and other care providers with a realistic, objective appraisal 
of the patient’s current functional status so that appropriate interventions can be 
implemented. 



1 1 .3.3 Neuropsychiatric inventory 

The Neuropsychiatric Inventory (NPI) was developed to assess psychopathology in 
dementia patients (Cummings, 1997). It is a structured interview of a caregiver or 
informant addressing 10 (or 12 in later versions) behavioral domains common in 
dementia: agitation, irritability, anxiety, dysphoria, hallucinations, delusions, apa- 
thy, euphoria, disinhibition, aberrant motor behavior, night-time disturbances and 
appetite and eating abnormalities (Cummings, 1997). In addition to assessing the 
severity and frequency of each symptom, the NPI also assesses the amount of care- 
giver distress engendered by each of the disorders. 



11.3.4 Behavioral pathology in Alzheimer disease rating scale 

The Behavioral Pathology in Alzheimer disease Rating Scale (BEHAVE-AD), a 25- 
item assessment scale, is designed for assessment of outpatients with mild to severe 
AD (Reisberg et al., 1987). The BEHAVE-AD measures a wide range of behavioral 
disturbances with assessment based solely on caregiver report. The BEHAVE-AD 
takes 20 min to administer by a clinician and was designed particularly to be useful 
in prospective studies of behavioral symptoms and in pharmacological studies to 
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Table 77.7: National Institutes of Health Warren G. Magnuson Clinical Center Nursing 
Department Eating Behavior Scale (EBS). 



Patient: Admit date 

Observation date Observer initials 

Meal start Finished 

Patient room Day room Time-minutes 



Circle only one answer: Maximal score = 18 Total = 



Observed behavior 


1.* 


V.** 


R*» 




Was the patient: 

1 . Able to initiate eating? 


3 


2 


1 


0 


2. Able to maintain attention to meal? 


3 


2 


1 


0 


3. Able to locate all food? 


3 


2 


1 


0 


4. Appropriately use utensils? 


3 


2 


1 


0 


5. Able to bite, chew and swallow without choking? 


3 


2 


1 


0 


6. Able to terminate meal? 


3 


2 


1 


0 


Comments: 



* / = Independent , **V = Verbal prompts , ***P = Physical assistance , ****£> = Dependent 



document behavioral symptoms in patients with AD. The BEHAVE- AD is a good 
choice of scale in clinical trials in which cognitive function and behavioral symp- 
toms are the primary target of treatment (Kluger & Ferris, 1991). It is in two parts: 
the first part concentrates on symptomatology and the second requires a global rat- 
ing of the symptoms on a four-point scale of severity. It focuses on seven behavioral 
domains: (1) paranoid and delusional ideation, (2) hallucinations, (3) activity dis- 
turbances (e.g., wandering or purposeless activity), (4) aggressiveness, (5) diurnal 
rhythm disturbances, (6) affective disturbances (e.g., tearfulness and depressed 
mood), and (7) anxieties and phobias. Each symptom is scored on a 4-point scale of 
severity, where 0 = not present, 1 = present, 2 = present, generally with an emotional 
component and 3 = present, generally with an emotional and physical component. 
The BEHAVE-AD also contains a 4-point global assessment of the overall magni- 
tude of the behavioral symptoms in terms of disturbance to the caregiver and/or 
dangerousness to the patient. 

The instrument had adequate inter-rater reliability for individual and total scale 
scores (Mack & Patterson, 1994; Sclan et al., 1996). Studies also support the valid- 
ity of clinical information obtained from proxy report utilizing the BEHAVE-AD 
(Mack & Patterson, 1994). If present, behavioral symptoms are rated as mild, mod- 
erate or severe. The BEHAVE-AD and its subscales have been used in AD clinical 
trials assessing the efficacy of antipsychotics and cholinesterase inhibitors (Katz et 
al., 1999; Corey-Bloom et al., 1998; Rosier et al., 1999). 
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The BEHAVE- AD may help to differentiate FTD from AD and to characterize 
the behavioral features of FTD (Mendez et ah, 1998). Patients presenting for an ini- 
tial dementia evaluation who score high on the BEHAVE- AD are more likely to have 
FTD than AD. On the BEHAVE-AD, FTD patients tended to demonstrate verbal 
outbursts such as disinhibited or abrasive comments and inappropriate activity such 
as unacceptable behaviors and immodest acts. The BEHAVE-AD subscale scores 
also show that FTD patients have more aggressiveness and less anxiety or depres- 
sion than AD patients. 

Scores on the BEHAVE-AD are based on caregiver reports of symptoms occur- 
ring generally within the preceding 2 weeks. However, for various reasons, care- 
givers may overreport or underreport symptoms. Family caregivers may exaggerate 
symptoms because of the stress they cause. Professional caregivers, on the other 
hand, may downplay symptoms in an attempt to demonstrate their competence in 
caring for the patient. To overcome the possible bias of caregivers, an observer-rated 
instrument called the Empirical Behavioral Pathology in Alzheimer’s Disease Rating 
Scale (E-BEHAVE-AD) was proposed (Auer et al., 1996). 

The E-BEHAVE-AD consists of 12 items in the following six categories: paranoid 
and delusional ideation, hallucinations, activity disturbances, agitation, affective 
disturbances, and anxieties and phobias. Consequently, six of the seven BEHAVE- 
AD categories are assessed with the E-BEHAVE-AD. The only BEHAVE-AD cate- 
gory not assessed by the E-BEHAVE-AD is diurnal rhythm (sleep) disturbance. An 
observer rates each behavior during a clinical interview with the patient apart from 
the caregiver. Reliability of the E-BEHAVE is similar to that for the BEHAVE-AD. 
The utility, construct validity and responsivity of this rating scale in evaluations of 
psychotropic treatment intervention are supported by several studies. 



1 1 .3.5 The committee of the consortium to establish a registry for 
Alzheimer disease 

The CERAD behavior rating scale for dementia was developed in 1986 to provide 
a standardized method of evaluating a wide range of behaviors seen in patients with 
varying degrees of dementia. CERAD has developed valid and reliable methods and 
assessment forms for the standardized evaluation of AD (Morris, 1997). 

Items on the scale are well anchored and homogeneously scaled according to 
frequency, not severity. The scale can be administered by interviewers with limited 
clinical experience in approximately 20-45 min. An instruction manual, demon- 
stration videotape, scoring manual and normative data are available. The scale was 
developed to correlate changes in behavior with selected characteristics of demen- 
tia, such as age at onset, duration, severity, sex, rate of cognitive decline and neu- 
ropathologic or neurochemical features. It is also being used as an outcome mea- 
sure in intervention trials conducted by the Alzheimer disease Cooperative Study 
and other investigators. The scale has been translated into several languages, per- 
mitting cross-national and cross-cultural studies. Given the length of the behavior 
rating scale for dementia, a shortened version is available for clinicians interested 
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in screening only. The scale is also being modified for application to patients with 
severe dementia. To maximize respondent participation in a study of the preva- 
lence, incidence and natural history of dementia, carefully selected CERAD-certi- 
fied nurses could independently carry out assessments for the most common types 
of dementia either in the clinic or at home (Trapp-Moen et al., 2001). Use of nurs- 
es for such activity need not be limited to epidemiological studies but is relevant 
also in clinical practice. 



11.3.6 The MOUSEPAD 

The Manchester and Oxford Universities Scale for the Psychopathological Assess- 
ment of Dementia (MOUSEPAD) is a standardized assessment scale that includes 
both observed behavioral and psychiatric symptoms (Allen et al., 1996). The main 
indication for use of the scale is the assessment of psychiatric symptoms and behav- 
ioral alterations in patients with dementia. The MOUSEPAD is administered to car- 
ers by an experienced clinician and it takes 15-30 min, most items being given a 3- 
point severity score. It is uniquely designed to allow simultaneous evaluation of the 
month before interview and the whole of the dementia syndrome. It does not 
include sections on depression because these symptoms are satisfactorily covered in 
brief tests that are already available. 

The test-retest and interrater reliability are both high for this instrument. For the 
interrater reliability, the values ranged from 0.56 to 1.0 excluding reduplications 
and severity scores ranged from 0.61 to 1.0. Four measures of change can be derived 
from the MOUSEPAD: change in symptom count ever, change in symptom count in 
the last month, change in symptom severity ever and change in severity in the last 
month. The MOUSEPAD is likely to be a useful outcome measure because the test 
is relatively brief and yet covers the noncognitive features associated with dementia 
in some depth. The MOUSEPAD distinguishes between symptoms and behavior and 
achieves a satisfactory compromise between brevity and breadth. 



11.3.7 The Cohen-Mansfield agitation inventory 

The CMAI was developed to evaluate agitated behaviors in nursing home residents 
with AD but has been adapted for use in outpatient in clinical trials (Cohen-Mans- 
field, 1989). It was designed to measure agitation, which is defined as “inappropriate 
verbal, vocal or motor activities not explained by apparent needs or confusion” in 
demented and non-demented nursing home residents (Cohen-Mansfield et al., 1989). 
The 7-point rating system of the CMAI assesses 29 different agitated behaviors in 
patients with cognitive impairment. It takes 10-15 min and is carried out by carers. 
Training is necessary. The scale rates the frequency of each behavior in the prior 2 
weeks, using a 7-point scale with a range from 0 (never) to 6 (several times an hour). 
An additional “not applicable” category is used to rate those behaviors that could not 
possibly be performed by the patient (e.g., kicking for a paraplegic person). 
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The agitated behaviors include wandering, aggression, inappropriate vocaliza- 
tion, hoarding items, sexual disinhibition and negativism and are rated on a 7-point 
scale of frequency. In attempts to understand the interrelationships of behavioral 
symptoms, a number of factor-analytic studies of the CMAI have been performed. 
The instrument was conceptualized as measuring agitation in two dimensions, ver- 
bal and physical, each of which has two poles, aggressive or non-aggressive. Stud- 
ies based on this conceptualization found behavioral abnormalities of elderly sub- 
jects to be comprised of three main factors: verbally aggressive behavior, verbally 
non-aggressive behavior and physically non-aggressive behavior (Cohen-Mansfield, 
1986; Cohen-Mansfield et al., 1995). Weiner et al. (2002) explored the applicabili- 
ty of the standard scoring of the CMAI in community-dwelling persons with AD. 
Analysis of the data suggested that conventional CMAI subscoring did not ade- 
quately describe the responses of these patients. Overall, the CMAI seemed best suit- 
ed to describe the overall level rather than the specific subtypes of behavioral 
dyscontrol in community-dwelling persons with AD. 

Recently, a French version of the test was developed. The results demonstrate that 
the inter-rater reliability (r = 0.72), test-retest reliability (r = 0.72), internal consisten- 
cy (Cronbach’s alpha from 0.75 to 0.77), concurrent validity (r = 0.74), and construct 
validity of this French version of the CMAI to be significant (Deslauriers et al., 2001). 

The CMAI reliably detects behaviors that occur frequently in AD patients and 
normal controls (Koss et al., 1997). An important feature of the CMAI is that 
behaviors are operationally defined and it offers a focused description of behaviors 
commonly observed in demented persons. The CMAI represents a promising way to 
characterize agitated behaviors in AD patients and it can be used as an instrument 
to assess agitation in clinical trials designed to test the efficacy of pharmacological 
treatment for cognitive and behavioral problems. 



1 1 .3.8 The geriatric mental state schedule 

The Geriatric Mental State Schedule (GMSS) is one of the most widely used instru- 
ments for measuring a wide range of psychopathology in older people in all settings 
(Copeland et al., 1976). The GMSS can be administered via a laptop computer, and 
has been translated into a number of different languages. It has to be administered 
by a trained interviewer. The use of the GMSS is limited to research. 



1 1 .3.9 The geriatric depression scale 

The Geriatric Depression scale (GDS) is a self-report scale designed to be simple to 
administer and not to require the skills of a trained interviewer (Yesavage et al., 
1983). Each of the 30 questions has a yes/no answer with the scoring dependent on 
the answer given. A sensitivity of 84% and specificity of 95% have been docu- 
mented with a cutoff score of 11/12. A cutoff of 14/15 decreased the sensitivity rate 
to 80% but increased specificity to 100%. 
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11.3.10 The Cornell scale 

The Cornell Scale is specifically for the assessment of depression in dementia and is 
administered by a clinician (Alexopoulos et al., 1988). It takes 20 min with the carer 
and 10 min with the patient. The 19-item scale is rated on a 3-point score of 
“absent”, “mild or intermittent” and “severe” symptoms with a note when the 
score is unavailable. A score of 8 or more suggests significant depressive symptoms. 
It is the best scale available to assess mood in the presence of cognitive impairment. 

It differs from other depression scales in the method of administration rather 
than in analysis of any different symptoms profile seen in depression with dementia 
compared with depression alone (Purandare et al., 2001). 



1 1 .3.1 1 The consortium to establish a registry for AD behavior rating 
scale for dementia 

The consortium to establish a registry for AD Behavior Rating Scale for Dementia 
(C-BRSD) takes about 30 min to administer, evaluates the frequency of behavioral 
symptoms in AD and provides a psychopathologic scale of clinically relevant items 
(Tariot et al., 1995). Unlike the BEHAVE- AD, which assesses severity of symptoms, 
the C-BRSD evaluates the frequency of behavioral symptoms in AD. The C-BRSD 
was developed as a survey instrument for the assessment of community-dwelling 
persons with AD with mild to moderate cognitive impairment. It is administered in 
an interview with the patient’s primary caregiver and consists of 51 items rated 
according to frequency of occurrence on a scale of 1 to 4 (1 = occurred on only 1 
or 2 days during the past month; 4 = occurred on 16 or more days in the past 
month). The original version was divided into eight factors: depressive features, psy- 
chotic features, defective self-regulation, irritability/agitation, vegetative features, 
apathy, aggression and affective lability (Tariot et al., 1995). A second version was 
developed with six subscales: depressive symptoms, psychotic symptoms, inertia, 
vegetative symptoms, irritability/aggression and behavioral dysregulation (Patterson 
& Mack, 1996). Scoring of this instrument is by subscale and total score. 

Although the C-BRSD is quite new, there are already considerable data indicat- 
ing its validity in terms of identifying behavioral problems that are associated with 
AD. Tariot et al. (1995) who examined results for individual items and Patterson et 
al. (1997) who reported total C-BRSD scores both found the C-BRSD to pick up 
behavioral problems in AD. Studies of C-BRSD reliability have been generally 
encouraging (Tariot et al., 1995). Test-retest reliability for a total C-BRSD score 
over a 1 -month interval was also found to be satisfactory (Patterson et al., 1997). 



11.4 Global function assessment 

Global measures fall into two broad categories: those that assess disease severity and 
those that assess change. Severity measures help to provide a structure by which the 




156 



Chapter 1 1 



clinician can assess a patient’s dementia although staging dementia on the basis of 
severity alone does not necessarily assist management or predict future course of the 
disease. Change scales differ from severity scales in that they only assess change 
from a patient’s baseline at the beginning of a trial. 

In order to measure the severity or progression of established dementia, several 
global clinical scales have been developed to monitor changes in function brought 
about by an individual’s intellectual decline in the context of his/her past perfor- 
mance. These scales are based on a multidimensional assessment of cognitive, func- 
tional and behavioral aspects of the disorder using a semi-structured interview 
method. This approach bypasses many of the well-known confounding factors such 
as education, age, culture and practice effects that affect standardized cognitive and 
neuropsychological testing. 



1 1 .4.1 The clinical dementia rating scale 

The CDR scale is the simplest of the global assessment scales. It is to be completed 
by a clinician after an examination of the patient and an interview with an infor- 
mant (Hughes et al., 1982; Berg, 1984). Used in this way, the CDR is known to be 
a reliable and valid instrument for both staging and screening (Berg et al.,1988; Juva 
et al., 1995). Both the patient and an informant participate to rate performance in 
six domains: memory, orientation, judgment and problem solving, community 
affairs, home and hobbies and personal care. A value of 0 in the current expanded 
version indicates no impairment, 0.5 indicates questionable impairment (see 
Table 11.2). The values of 1, 2, 3, 4 and 5 indicate mild, moderate, severe, profound 
and terminal cognitive impairment, respectively. The scale is ordinal, but not neces- 
sarily equal interval. For personal care, no distinction is made between levels 0 and 
0.5. Dooneief et al. (1996) who validated the extended components of the CDR 
scale reported that the “profound” and “terminal stages” predicted shortened sur- 
vival and that the scale should be useful in studies of the later stages of dementia. 
Subjects with CDR = 4 or 5 are measurably more demented than subjects with lower 
CDR ratings and have poorer prognosis for survival. The CDR is commonly used 
as a staging measure of severity but can be utilized as a diagnostic tool because it 
does discriminate “no dementia” from “dementia” (Morris, 1993). Although it was 
designed for use in clinical situations, the scale has also been used in epidemiologi- 
cal studies (Forsell et al., 1992; Juva et al., 1995). Interrater reliability on the CDR 
has been good, as detailed by Burke et al. (1988) with Kendall’s tau B = 0.91, kap- 
pa = 0.74, weighted kappa = 0.87. A study that assessed the interrater reliability of 
the CDR in a multicenter clinical trial showed that the overall interrater reliability 
was 0.62 (Rockwood et al., 2000). Within the CDR domains, the global kappas 
ranged from 0.33 ± 0.06 to 0.88 ± 0.06. 

The performance of the patient in each area is scored on the basis of the patient’s 
cognitive loss only. Training in the CDR has been shown to result in moderate to 
high inter-rater reliability (Sano et al., 1993; Burke et al., 1988; McCullar et al., 
1989). Because the six cognitive domains rated by the CDR are linked to validated 
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clinical diagnostic criteria for AD, the CDR demonstrates content validity (Berg et 
al., 1982; Morris et al., 1988; Fillenbaum et al., 1996). This scale also proved to be 
a good screening tool for dementia (Juva et al., 1992). With the cutpoint 1 (mild 
dementia), the sensitivity was 95% and the specificity 94%. The information 
obtained in these six areas can be summarized in two ways. The scores in each area 
can be summed yielding a “Sum of Boxes” score with a potential scoring range of 
0-30 (Berg et al., 1988). Alternatively, with memory as the principal component, the 
number of higher or lower scores among the other five cognitive domains is assessed 
and a prescribed algorithm is applied to identify the global CDR score (Morris, 
1993). The range of possible global CDR scores is 0 through 5, the same as that of 
the component scores. Their meanings are 0, not demented; 0.5, dementia ques- 
tionable (used for very early cases or those with incipient dementia such as persons 
with impairment in memory but in no other area). The integers 1 through 5 repre- 
sent mild, moderate, severe, profound and terminal dementia. Both hand- and com- 
puter-based scoring are feasible (Morris, 1993; Gelb & St. Laurent, 1993; 1994). 

The algorithm for computing the global CDR is straightforward as long as all 
the secondary scores cluster fairly tightly around the value of memory rated catego- 
ry. When the scores are not distributed uniformly, the algorithm sometimes pro- 
duces a global CDR that seems inconsistent with the goal of the scoring system. In 
such situations, a small change in one of the category scores may result in an inor- 
dinately large change in the global CDR or even a global CDR change in the oppo- 
site direction. However, an alternative algorithm that eliminates these incongruities 
while retaining the fundamental features of the original method has been proposed 
(Gelb &: Laurent, 1993). 

A study designed to assess the validity of the CDR when the rating is based sole- 
ly on informant data showed moderate agreement with the clinician CDR (Grayson 
et al., 1999). This suggests that it would be a valid substitute in situations in which 
the subject could not be examined. Using a CDR score of 1+ to indicate dementia, 
the informant CDR had a sensitivity of 80% and a specificity of 98% against the 
clinician’s score. Tractenberg et al. (2001) reported that raters-in-training experi- 
enced the most difficulty with rating normal and questionable dementia. Memory 
appears as the most difficult domain to score for both naive and experienced raters. 
Hence, they recommended greater emphasis on the memory, home and hobbies, and 
orientation domains during CDR training. Increasing the information provided for 
the judgment and problem solving domain on the standardized CDR worksheets 
could improve the consistency of raters and increase the efficiency with which they 
are trained to use the CDR. 



11.4.2 The global interview-based change scales 

This broad category of clinical assessments of change includes the CGIC, the CIBIC 
and the NYU-CIBIC-plus (Guy, 1976; Knopman et al., 1994; Corey-Bloom et al., 
1998). These are different from other scales in that they assess only change from a 
specified baseline. Global change scales were used extensively as a primary outcome 
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criterion in early clinical trials for antidementia drugs, usually with the completely 
unstructured CGIC (Guy, 1996; Schneider & Olin, 1996). 

The CIBIC was designed by researchers in consultation with the FDA in response 
to growing research activity concerning antidementia drug treatment. The CIBIC 
has since been developed to take account of information provided by a carer 
(CIBIC-plus). A widely used version of the CIBIC-plus includes textual data on the 
patients’ history, general appearance, mental cognitive state, behavior, functional 
ability and 7-point Likert scales recording disease severity and changes during treat- 
ment (Olin et al., 1996). These scales have been shown to have face validity and pre- 
dictive validity (Schneider et al., 1997; Knapp et al., 1994). The CIBIC-plus scales 
have been shown to be sensitive to longitudinal change in 24- and 30-week studies 
(Knapp et al., 1994; Schneider et al., 1997). At 12 months, the change scores of 
patients’ global scales were significantly associated with the change scores of the 
CDR, GDS, MMSE and Functional Assessment Staging (Schneider et al., 1997). 
However, the criteria underlying global (numeric) scores of patients’ changes have 
nevertheless had little formal evaluation. A study that assessed the reliability of the 
CIBIC-plus for a range of patients showed that levels of interrater agreement on a 
global rating of change that included carer information varied widely from patient 
to patient (Boothby et al., 1995). An important contributor to this variation was 
carer information. However, if carer information was presented before patient infor- 
mation, considerably better levels of agreement were obtained on the global rating 
than if the reverse order was used. Agreement on the CIBIC-plus can be improved 
by presenting carer data first and making sure that the carer is “believable”. There- 
fore, carer information selected and presented properly may contribute to a more 
valid and acceptable clinical decision. 

Studies that have used global measures of change have focused on the numeric 
scores to the exclusion of the written data. A study designed to explore both sets of 
data of the CIBIC-plus to assess efficacy in drug trials showed that there were no 
consistent effects (Joffres et al., 2000). The global (numeric) scales were inconsis- 
tently supported by the textual data. Improved standardization of note-taking in the 
CIBIC-plus textual data may allow for a better understanding of the typical profiles 
and clinical importance of changes seen in the course of dementia treatment. It is 
important that written clinical assessments need to capture those aspects of the clin- 
ical interview process that best ensure validity. The file format used should be con- 
sistent across participating investigators. Clinicians should use similar forms and 
understand how and when they have to be filled in while at the same time individ- 
ualizing and giving context to changes in patients’ AD. 



1 1 .4.3 The global deterioration scale 

The GDS is a global cognitive deterioration scale for primary degenerative demen- 
tia. It defines six stages of dementia: stage 1, no cognitive decline; stage 2, very mild 
cognitive decline; stage 3, mild cognitive decline; stage 4, moderate cognitive 
decline; stage 5, moderately severe cognitive decline; stage 6, severe cognitive decline 
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(Reisberg et al., 1982). The use of this scale also requires the administration of a 
detailed psychometric evaluation. The GDS provides caregivers and practitioners an 
idea of where a patient is in the disease process by comparing the individual’s behav- 
ior to the GDS. Thus, it is useful for describing and staging dementia. This test takes 
2 min to score once the information has been collected. Inter-rater and test/retest 
reliability have been demonstrated regularly at over 0.90 for both (Resisberg et al., 
1982). 

11.4.4 AD cooperative study clinical global impression of change 

The ADCS-CGIC is used by clinicians to address clinically relevant overall changes. 
It includes 15 areas under the domains of cognition, behavior and social and daily 
functioning (Schneider & Olin, 1996). For each area there is a list of sample probes, 
taken in part from existing rating rates, which the clinician uses as a guideline. It 
relies on both direct examination of the patient and interview of informants. 



1 1 .4.5 Clinician's global impression of change 

The Clinician’s Global Impression of Change scale is administered by a trained rater 
and takes 10-40 min (Guy, 1976). The ratings depend on the ability of the clinician 
to detect change, and any change that is clinically detectable is significant. By defi- 
nition, these measures are global ratings of a patient’s clinical condition and draw 
information from several sources. The scale has been used in many clinical trials of 
antidementia drugs. It can usefully assess change from a specified baseline (Knop- 
man et al., 1994; Schneider &c Olin, 1996). 

11.5 Quality of life 

Health-related quality of life (QOL) is regarded as an important element in the 
overall evaluation of health. It is increasingly used as an outcome measure in clin- 
ical trials. These measures are used to determine whether individuals consider 
themselves fundamentally better or worse off because of an intervention. This issue 
has become more important as people faced with choices among alternative treat- 
ment or therapies that have varying benefits and risks. There is no consensus on a 
definition of QOL in dementia, although there are some areas of agreement. The 
definition of QOL by the International Working Group on Harmonization of 
Dementia Drug Guidelines may be considered as it is quite broad (Whitehouse et 
al., 1997). It includes cognitive function and the ability to perform ADL, in addi- 
tion to mood and affect. Logsdon et al. (2000) similarly include the evaluation of 
physical health, mood, interpersonal relationships, ability to participate in mean- 
ingful activities and financial status. Despite some difficulties, there seems to be an 
agreement that mood and affect are critical components of QOL. Patients’ pre- 
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served abilities to experience positive emotions, feelings of belonging and enjoy- 
ment are universally recognized as important components of QOL. Relative 
absence of negative emotional experiences such as depressed mood and anxiety are 
also considered important. 

Measuring QOL in patients diagnosed with dementia presents challenges. Lack 
of insight refers to the decreased capacity of patients with cognitive impairment to 
accurately describe their deficits. This lack of insight complicates the assessment of 
QOL in AD because it may affect patients” self report. Compared to caregiver per- 
ceptions, AD patients tend to overestimate their abilities and report less impairment 
(Ott et al., 1996; Vasterling et al., 1997). Since the cardinal feature of dementia is 
decline in cognitive abilities, and language impairment is an early symptom of all 
dementing conditions, it is assumed that self-reports of health status by patients 
with dementia are not valid. These patients are often unaware of their decreasing 
abilities, a feature known as anosognosia (Rossor, 1993). When interviewed, 
patients often describe themselves as “very well” and even after interviewer prompt- 
ing may admit to no problems. Although patients in the early stages of dementia can 
answer questions about their QOL, it has been suggested that these patients are like- 
ly to give overly optimistic ratings (Lawton, 1994). Despite these challenges, reasons 
for measuring QOL in people with cognitive impairment are compelling. QOL 
assessments provide a format for individuals and their caregivers to express whether 
an intervention made an important difference in the patient’s life. Such assessments 
allow researchers to draw conclusions about the extent to which treatments provide 
intended and clinically meaningful benefits. Furthermore, monitoring changes in 
QOL in individuals with progressive cognitive impairment may suggest new areas 
of intervention to maintain or improve life quality. 

Although a number of conceptual, practical and ethical issues remain the subject 
of some debate, several scales to assess QOL in dementia have been developed. 
Researchers have used a number of methods including patient self-reports, semi- 
structured interviews, proxy reports and observational methods (Selai & Trimble, 
1999; Albert & Logsdon, 1999). The DQOL instrument is an example of a valid 
and reliable dementia-specific scale that is based on direct interviews with patients 
suffering from mild to moderate dementia who have been shown to be able to 
respond to the questions appropriately (Brod et al., 1999). It represents five 
domains: self-esteem, positive effect and humor, negative effect, feeling of belonging 
and sense of esthetics. Assessments of QOL vary depending on how much patients 
are asked to participate in the evaluation. For example, assessment of QOL can 
involve a joint interview with the patient and caregiver (Ready et al., 2002) After 
the interview, the clinician incorporates information from both sources into QOL 
ratings. In another approach to measuring QOL in dementia, a clinician conducts 
separate interviews with patients and caregivers (Logsdon et al., 2000). The two sets 
of QOL ratings can then either be merged into a single rating or kept separate. This 
approach allows for systematic evaluation of differences and similarities in patient 
and caregiver perceptions. It is generally acknowledged that, in the later stages of 
dementia, proxy ratings of QOL are required since patients are no longer capable 
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of making an evaluation (Stewart et al., 1996). However, proxies tend to underesti- 
mate the patient’s QOL (Pierre et al., 1998). 

A study that examined the agreement between self-reports and proxy reports of 
QOL in patients with mild to moderate AD and their proxies, the proportion of 
exact agreement between patients and proxies on the 17-item Duke Health profile 
ranged from 26.3 to 52.6% (Novella et al., 2001). These data reveal poor to mod- 
erate agreement (intraclass correlation coefficients from 0 to 0.61 for 10 subscales) 
between patients’ and proxies’ reports. Agreement was higher for measures of func- 
tion that are directly observable (physical health, disability) and relatively poor for 
more subjective measures. Further, these data suggest that patients with mild to 
moderate AD are aware of, and able to report, their own health-related QOL than 
do family proxies. Agreement varies by QOL subscales and this discrepancy increas- 
es as the level of patients’ cognitive impairment increases. Thus, assessments by 
proxies should be used with caution for patients with mild to moderate AD. The use 
of a proxy is useful for severe AD because the rate of nonresponse is much higher 
in that case. Patients with MMSE scores of 10 or greater can usually participate in 
an interview about their QOL to some degree, providing data that are as reliable as 
caregiver reports (Logsdon et al., Selai et al., 2000). 

A promising method to measure QOL in dementia is an approach that incorpo- 
rates patient and caregiver reports. Joint assessment in dementia has been recom- 
mended for completion of an activity schedule, where caregivers are helpful for rat- 
ing characteristics of activities and patients may provide input about enjoyment 
(Teri & Logsdon, 1991). This approach has advantages over methods that rely sole- 
ly on either patient or caregiver report because subjective patient perception is incor- 
porated into the assessment and caregivers assist in recall of relevant events and 
symptoms that the patient may forget. Ready et al. (2002) described the develop- 
ment of a QOL scale (the Cornell-Brown Scale) based on the conceptualization that 
high QOL typically is indicated by presence of positive affect, satisfaction, self- 
esteem and the relative absence of negative affect. A clinician completes the new 
QOL scale after a joint interview with patients and caregivers. Preliminary data 
indicate that the Cornell-Brown Scale for QOL is a brief, easily administered, reli- 
able and valid measure of QOL. 

Research on QOL in AD has confirmed the intuitive notion that QOL declines 
as the disease progresses and is adversely influenced by associated features of 
dementia such as psychiatric problems and functional decline (Albert et al., 1996; 
Karlawish et al., 2001). Participation in some activities hypothesized to be associat- 
ed with QOL were not found to decrease as dementia severity increased, such as 
spending time with the family, while participation in other activities such as reading 
declined significantly. Strategies to improve patient QOL would be to provide bet- 
ter education and training to family caregivers of AD patients. 

An important distinction has been emerging between “health-related quality of 
life” (HRQOL) and “individual quality of life” (IQOL) (Joyce et al., 1999). IQOL 
is based on a growing consensus that the individual concerned should, where possi- 
ble, be the primary source of information regarding his/her QOL. To date there has 
been inadequate consideration of the individual nature of each caregiver’s situation, 
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perceptions and needs (Zarit, 1994). A need for more time away from the patient is 
a major QOL concern for highly burdened caregivers and a perceived lack of ade- 
quate informal support and financial constraints are contributory factors (Coen et 
al., 2001). 



1 1 .5.1 Concept of utilities 

Utilities are ratings of preferences for a particular state of health. Perfect health 
receives the highest rating of 1 with poorer health states associated with lower rat- 
ings. This concept assumes that lower ratings (less preferred states) are associated 
with poorer quality of life. A low utility assigned to a health state indicates that the 
health state is less desirable than other states and it is ranked lower than a state of 
optimal health. The utility rating expresses the rater’s perception of the degree to 
which the health state is worse than optimal health (Patrick & Erickson, 1993). The 
utility rating for a particular state of health can be considered an indicator of health- 
related QOL. Utilities may be established for any type of outcome, allowing the 
comparison of QOLs across different types of efficacy assessments. 

Utility-based quality of life measures have played an important role in econom- 
ic analyses because they allow for quality of life comparisons across a wide range of 
diseases. Generic, preference-based health status indexes such as the European 
Quality of Life Instrument (EQ-5D), Health Utilities Index (HUI) and Quality of 
Well Being (QWB) Scale are commonly used to measure health status and to gener- 
ate utilities for use in cost-utility analysis. Of the three utility-based measures, the 
QWB scale included the largest number of quality of life attributes. 



11-6 Discussion 

The CGIC and the CIBIC are the general observational evaluations of cognition and 
behaviors most frequently used in drug trials. They are subjective in nature and not 
psychometrically structured or validated. The CIBIC is a global evaluation of 
change used to determine whether the effects of a drug are important enough to be 
detected by a skilled and experienced clinical observer during a clinical interview. In 
this kind of evaluation, every CIBIC rater involved in a drug trial uses his own 
instruments and questions to evaluate the clinical change, even though guidelines 
with general areas of cognition that need to be observed are generally provided by 
the trial sponsors. The CGIC has the same characteristics as the CIBIC except that 
it involves the presence of the caregiver at every assessment to confirm the accura- 
cy of the patient’s statements. 

Despite their lack of formal structure, there is a general opinion that CGIC rat- 
ings are sensitive to clinically meaningful effects. CGICs are not intended as sensi- 
tive measures of small changes that are unlikely to be clinically meaningful. In prin- 
ciple, a clinician rating a patient as changed on a global change scale is determining 
“clinically meaningful and distinct change.” 




Functional abilities and behavioral symptom assessments 



165 



The CMAI and C-BRSD appear to be interchangeable as measures of agitation 
with the CMAI possibly more useful for patients who lack language and the C- 
BRSD more sensitive to apathy and depression (Weiner et ah, 1998). Recently, the 
Agitated Behavior in Dementia (ABID) scale, a new measure for agitation in AD 
outpatients, was proposed (Logsdon et ah, 1999). The ABID provides a reliable and 
valid assessment of both frequency and caregiver reaction to common agitated 
behaviors experienced by individuals with dementia. It is brief, easy to administer 
and focuses on observable behaviors. However, further research is required to exam- 
ine the use of ABID in population-based samples of dementia subjects and assess its 
sensitivity to change over disease progression and in treatment outcome studies. 

Informant ratings of both cognitive and functional decline may be free of edu- 
cational bias and may supplement the results of testing. Because of the special 
requirements and the nature of a dementing illness, it is particularly important that 
clinicians should take both their own perception of the patient’s behavioral prob- 
lems and the caregiver’s perception into account before arriving at a decision about 
a specific treatment or dosage adjustment and before coming to a precise determi- 
nation of the treatment goal. 

An important research goal should be the development and evaluation of new 
instruments in relevant domains that are sensitive, reliable and valid for detecting 
change in normal ageing and early AD. Such tools should be self-administered and 
do not require significant involvement of professional staff, and this can minimize 
requirements for data monitoring and data entry. New uses of technology such as 
computerized assessments and telephonic methods are required in this area. 

The assessment of QOL in patients with cognitive impairment is an important 
and fruitful area for future investigation. It has been assumed in the past that 
patients with dementia would not be able to rate their own QOL because of the 
nature of their disease. However, recent investigations suggest that this is not the 
case and that individuals can rate their own life quality well into the progression of 
the disease (Logsdon et al., 2002). Caregiver ratings do not substitute for patient 
ratings. Future research should address factors that affect both patient and caregiv- 
er ratings and identify strategies to improve the accuracy and reliability of evalua- 
tions of QOL and other subjective states in cognitively impaired older adults. 
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Pharmacological treatment of cognitive deficits 



12.1 Introduction 

Since the ACh deficit associated with AD was recognized in the mid-1970s, there 
has been a systematic attempt to increase CNS cholinergic activity by pharmaco- 
logical manipulations. The main classes of drugs tested so far include ACh precur- 
sors, releasing agents, cholinesterase inhibitors (Cl) and muscarinic agonists. The 
expectations were that cholinergic enhancement would improve symptoms of AD in 
a way similar to dopamine enhancement in Parkinson’s disease. 

Ap amyloid accumulation is one core pathological feature of AD. How does this 
accumulation relate to the neuronal degeneration that is manifest as a progressive 
cognitive impairment with widespread neurologic and neuropsychiatric distur- 
bances? An answer is slowly emerging in which the Ap amyloid induces a variety of 
neurotoxic phenomena, including reactive oxygen species. To date, however, only 
the secondary degenerative effects have been amenable to therapy, as seen in the 
beneficial effects of cholinergic-enhancing strategies. Cl are currently being used for 
the symptomatic treatment of patients with AD, based on the consistent finding of 
a cholinergic deficit in the brain of these patients. Their clinical effectiveness is best 
described as a stabilization of cognitive and functional symptoms over one year, 
with a slower decline thereafter (Winblad et al, 2001). The recent addition of 
memantine, acting on glutamatergic NMDA receptors, adds a new dimension to the 
treatment of AD. 

One of the limitations of conventional Cl is that efficacy may not be sustained 
long-term because of the development of drug tolerance and disease progression. 
This has led to interest in therapies with more than one mode of action. In addition 
to the four licensed Cl tacrine, donepezil, rivastigmine and galantamine, and the 
NMDA receptor agonist memantine, there are many drugs awaiting approval or in 
phase III trials (Table 12.1). While drugs specifically targeting the Ap amyloidogenic 
pathway are only now beginning to emerge in a preclinical setting, most others are 
directed at the cholinergic system. There are many psychotropic agents available to 
treat the behavioral manifestations of AD, including antipsychotics, agitation-reduc- 
ing drugs, antidepressants, anxiolytics and sedative-hypnotics. Interventions in AD 
include treatment of the underlying disease process and amelioration of neuro- 
chemical deficits produced by the cellular changes. This chapter discusses current 
perspectives in the pharmacotherapy of AD and examines how the different disci- 
plinary approaches are being incorporated into clinical research for effective drug 
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Table 12.1: AD -relevant drugs that are awaiting approval or are in phase III trials . 



Status 


Drug names 


Mechanisms of action 


Awaiting approval 


Idebenone 

Nebracetam 

Nefiracetam 


Antioxidant 

Ml -muscarinic receptor agonist 
Ml -muscarinic receptor agonist 


Phase III 


Amridin 

Eptastigmine 


AChE inhibitor 
AChE inhibitor 




Cevimeline 
Mi lameline 
Talsaclidine 
Xanomeline 


Ml agonist 
Ml agonist 
Ml agonist 
Ml agonist 




Dehydroepiandrosterone 

Montirelin 


Neurosteroid 

ACh release stimulator, TRH agonist 




NS 

Selegiline 
Taltirelin hydrate 


Nootropic agent, ACh/GABA modulator 
Monoamine oxidase-B inhibitor 
Thyrotropin-releasing hormone agonist 



treatments. Attention is drawn to new compounds with novel mechanisms of action 
that could have a tremendous impact in the future treatment of AD. 



12.2 Modulation of the cholinergic system 

The cholinergic hypothesis claims that low levels of ACh lead to cognitive decline. 
Different strategies have been developed to boost the cholinergic system, including 
increased ACh production with cholinergic precursors (choline and lecithin), pre- 
vention of synaptic ACh destruction with Cl (physostigmine, tacrine (9-amino-l,2, 
3,4-tetrahydroacridine; Cognex), donepezil (E2020; Aricept), rivastigmine (SDZ 
ENA 713; Exelon), galantamine (Reminyl)), or direct stimulation of postsynaptic 
muscarinic receptors with receptor agonists (for example, Xanomeline, which is an 
Ml muscarinic agonist). At the present time, Cl are the only cholinergic drugs that 
have been shown to produce significant improvements on cognitive, behavioral and 
global performance indices in large controlled trials of patients with AD. 

Evidence now indicates that some Cl may also provide neuroprotective effects, 
perhaps through the activation of nicotinic receptors, and may even enhance neu- 
rotrophic regeneration. Other possible actions include the effect of cholinergic ago- 
nists on the processing and secretion of APP and Ap (Jope et al., 1997; Nitsch et al., 
1992). 
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12.2.1 Tacrine 

Tacrine hydrochloride is a reversible inhibitor of the enzyme AChE. After the initial 
positive and overly optimistic reports in 1986 on the efficacy of tacrine, it was sub- 
sequently noted to be an even stronger inhibitor of the butyrylcholinesterase family 
of enzymes. More recently, apart from AChE inhibition, tacrine has been shown to 
possess a much broader pharmacological profile such as blockage of potassium 
channels, inhibition of the neuronal monoamine uptake processes and inhibition of 
MAO (Jossain et al., 1992). The efficacy of tacrine in alleviating some of the behav- 
ioral symptoms of AD might be related to these other pharmacological actions. The 
purported cognitive-enhancing effects of tacrine and the Cl may be difficult to dis- 
entangle from their non-specific arousal/ behavioral effects that can be expected 
from all classes of cholinergic stimulants. 

Tacrine undergoes extensive hepatic metabolism by the cytochrome P450 1A2 
isoenzyme to at least three metabolites. The major metabolite, 1 -hydroxy-tacrine 
(velnacrine) is active. Metabolites are excreted in the urine. Tacrine has mean 
bioavailability of 17%, with interindividual variability ranging from 2-3 6% 
(Table 12.2) (Parnetti, 1995). This low bioavailability is thought to be secondary to 
large presystemic clearance. Food appears to decrease the rate, but not the extent, 
of absorption. Tacrine is rapidly metabolized, with mean half-lives after single doses 
of 25 and 50 mg of 1.6 and 2.1 h, respectively, which requires a four times a day 
schedule. Clinical dosages of 80-160 mg/day usually achieve AChE inhibition of 
approximately 30%. 

Favorable effects were observed using the PDS to assess the efficacy of the drug 
in a 6-week study involving patients with mild-to-moderate AD (Knapp et al., 
1994). Tacrine is known to produce significant elevations in liver enzymes, notably 
the transaminases. These elevations are generally reversible and tend to be higher in 
women. Serious adverse effects of tacrine include liver toxicity that has weakened 
its position as a drug of choice (Knapp et al., 1994). 



12.2.2 Donepezil 

Donepezil hydrochloride is a reversible inhibitor of AChE approved as a sympto- 
matic therapy for mild and moderate AD. Its bioavailability is approximately 100% 
with peak plasma concentrations occurring between 2 and 4 h after an oral dose. 
Food appears to have no significant effect on absorption. Donepezil has a mean 
elimination half-life of 70 h with significant interindividual variation; a once-daily 
dosage is recommended. Donepezil is highly protein bound (93-96%) to plasma 
proteins although it was not found to have any significant effects on the binding of 
other highly protein-bound drugs, including warfarin, digoxin and furosemide. The 
drug is metabolized in the liver by CYP2D6 and CYP3A3/4, as well as by glu- 
curonidation (Mihara et al., 1993; Ohnishi et al., 1993; Tiseo et al., 1998). The fol- 
lowing metabolites were recovered in significant amounts: 6-O-desmethyl 
donepezil, which has similar activity to that of the parent drug; donepezil-cis-N- 
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oxide; 5-O-desmethyl donepezil; and the glucuronide conjugate of 5-O-desmethyl 
donepezil. While various unidentified metabolites were present, more of the dose 
was recovered in the urine (23-57%) than in the feces (9-15%) (Tiseo et al., 1998). 
Donepezil and its metabolites are eliminated largely by the kidney (Tiseo et al., 
1998). A dosage of 5 mg/day yields steady-state AChE inhibition as determined by 
red blood cell cholinesterase inhibition of approximately 64% (Parnetti, 1995). 

In a 30- week phase III clinical trial of donepezil, both 5 and 10 mg treatment 
groups had ADAS-cog scores superior to placebo throughout the 6-month trial. 
Moreover, more than 80% of treated patients showed either improvement or no 
decline during the 6-month trial (Rogers et al., 1995). Efficacy for up to 2 years was 
examined in patients who completed a 30-week double-blind study and who con- 
tinued in a long-term, open-label phase with donepezil. For an average of 40 weeks, 
patients were maintained at performance levels better than their original baseline 
scores. ADAS-cog scores collected for more than 2 years suggest that patients treat- 
ed with donepezil maintained the same magnitude of benefit as in the beginning of 
the study, indicating that long-term use of donepezil may be beneficial (Rogers et al., 
1995). Winblad et al. (2001) evaluated the long-term clinical efficacy and safety of 
donepezil versus placebo over 1 year in patients with mild to moderate AD. The 
benefit of donepezil over placebo was shown by the Gottfries-Brane-Steen total 
score at weeks 24, 36 and 52 and at the study end point (week 52). Advantages of 
donepezil over placebo were also noted in cognition and ADL assessed by the 
MMSE at weeks 24, 36 and 52 and the end point. 

The long-term efficacy of donepezil (10 mg/day) was assessed in a multi-center 
non-randomized open-label study of 133 patients with mild to moderate AD 
(Rogers & Friedhoff, 1998). Assessments were made every 3 weeks for the first 12 
weeks and subsequently every 12 weeks for up to 192 weeks. The interim analysis 
at 98 weeks showed that donepezil improved the ADAS-cog scores that remained 
above baseline for 38 weeks but scores began to increase from week 50. The aver- 
age increase in the score was 6.6 points/year (Rogers &c Friedhoff, 1998). If patients 
had not been treated with donepezil, the expected impairment rate might have been 
11.6 points/year in patients with a baseline score of 27.4 points, equivalent in the 
severity to patients recruited for this study (Stern et al., 1994; Kramer-Ginsberg et 
al., 1988). At the final treatment, a mean annual rate of change from baseline was 
6.07 points (Rogers et al., 2000). 

A study was designed to evaluate the long-term efficacy, safety and tolerability 
of donepezil in the treatment of patients with mild to moderate AD with donepezil 
5 mg/day for 1 month, after which an increase to 10 mg/day was encouraged (Rocca 
et al., 2002). Cognitive assessments were carried out prior to the start of the treat- 
ment and every 3 months for a period of 1 year. Donepezil improved cognition and 
global functioning and was well tolerated especially considering the long duration 
of the observation period. A 6-month study concluded that donepezil produced 
functional benefit (Burns et al., 1999). Significant improvement in ADF, as mea- 
sured by a modified (not independently validated) IDDD was reported in the 10-mg 
donepezil group compared with placebo. Scores for the 15-mg group did not differ 
significantly from placebo (Burns et al., 1999). In patients with moderate-to-severe 
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AD, donepezil improved cognition, global functioning and behavior (Feldman et al., 

2002 ). 

In a 24-week, double-blind, placebo-controlled study that assessed the efficacy 
and safety of donepezil with AD in the nursing home setting, the primary outcome 
measure was the Neuropsychiatric Inventory - Nursing Home Version (NPI-NH). 
Secondary efficacy measures were the Clinical Dementia Rating (Nursing Home 
Version) - Sum of the Boxes (CDR-SB), MMSE and the Physical Self-Maintenance 
Scale (PSMS) (Tariot et ah, 2001). Mean NPI-NH 12-item total scores improved rel- 
ative to baseline for both placebo and donepezil, with no significant differences 
observed between the groups at any assessment. The mean changes from baseline 
CDR-SB total score improved significantly with donepezil compared with placebo 
at week 24. The differences in mean change from baseline on the MMSE favored 
donepezil over placebo at weeks 8, 16 and 20. No significant differences were 
observed between the groups on the PSMS. 

In a phase III trial in Japan, a total of 268 patients were randomized to receive 
placebo or 5 mg/day of donepezil treatment for 24 weeks (Homma et al., 2000). For 
better tolerance, patients with donepezil took a 3-mg tablet for the first week. 
Donepezil showed significant improvement in the Japanese version of the 
Alzheimer’s disease assessment Scale Cognitive Subscale (ADAS-J-cog) (Homma et 
al., 1992) and the Japanese version of the Clinical Global impression of Change (J- 
CGIC) (Homma et al., 2000) as primary efficacy measures. ADAS-J-cog scores 
improved by 2.54 points for the 5 mg/day donepezil group compared with the place- 
bo group. The results of the J-CGIC showed that the rates of improvement in the 
donepezil and placebo groups were 52 and 22%, respectively, and the aggravation 
rates were 17 and 43%, respectively. For the secondary measures, significant 
improvements were observed in the CDR-SB and Mental Function Impairment Scale 
scores (Homma et al., 1991). 



12.2.3 Rivastigmine 

Rivastigmine belongs to a generation of potent brain-selective Cl, acting both on 
AChE and BuChE. Rivastigmine is not metabolized by the hepatic cytochrome 
P450 oxidative enzyme system and exhibits appropriately 40% protein binding. It 
is rapidly and extensively metabolized primarily at CNS receptor sites via 
cholinesterase. Rivastigmine and metabolites are eliminated primarily through the 
renal system. Hepatic microsomal enzymes are not involved to any significant 
extent (Polinsky, 1998). The plasma half-lives of rivastigmine and the major 
metabolite are 1 h and 2 h, respectively. However, the cholinesterase inhibition in 
the CNS lasts much longer (average 10 h) than the short plasma half-life would 
predict. It is classified as an intermediate-acting or pseudo-irreversible agent based 
on the fact that while its plasma half-life is ultra-short, the half-life of ChE inhibi- 
tion in the CNS is about 10 h (Jann, 2000). For example, through direct CSF sam- 
pling, Cutler et al. (1998) have demonstrated rapid and sustained dose-dependent 
inhibition of CSF AChE following rivastigmine doses of 1-6 mg twice daily. This 
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is due to the fact that when rivastigmine’s phenolic ZNN-666 metabolite is 
formed, it leaves behind a carbamate moiety that stays attached to the AChE 
receptor for up to 10 h. This effect prevents the hydrolysis of ACh. The G1 enzy- 
matic form of AChE is found in greater proportion than the G4 form in the hip- 
pocampus as compared to the rest of the cortex. Rivastigmine has higher affinity 
for the G1 than G4 and therefore has greater selectivity in those regions more vul- 
nerable to the pathological changes of AD. Renal excretion of the metabolite is the 
major route of elimination. The absolute bioavailability of rivastigmine is approx- 
imately 35% after a 3-mg oral dose. Because rivastigmine exhibits nonlinear phar- 
macokinetics, i.e. maximum plasma drug concentration (C max ) and area under the 
curve (AUC) increase more than proportionally with an increase in dose, it is nec- 
essary to determine its absolute bioavailability at the highest approved single dose 
of 6 mg. 

Results of phase II studies in AD patients showed good toleration up to 12 
mg/day. Side effects did not include hepatotoxicity. In a study that assessed 114 
patients with mild-moderate AD that were randomly assigned to either rivastigmine 
twice daily or three times daily or placebo in a double-blind fashion, the treatment 
was titrated to their maximum tolerated dose over 10 weeks followed by an 8-week 
maintenance phase (Forette et al., 1999). Significantly more patients taking rivastig- 
mine b.i.d were considered improved according to CIBIC-Plus versus placebo (57% 
versus 16%, respectively, p = 0.027). The Nurses’ Observation Scale for Geriatric 
Patients and the ADAS-cog also improved in the rivastigmine b.i.d. group compared 
to the placebo group. Therefore, this study suggests that rivastigmine at doses of up 
to 12 mg/day has useful efficacy in patients with mild-moderate AD. Adverse events 
were generally gastrointestinal and mild to moderate following doses of up to 
12 mg/day. Results of a meta-analysis of phase III studies demonstrated significant 
beneficial effects on measures of cognition, global functioning and activities of daily 
living. The Swiss regulatory authority approved rivastigmine in August 1997 for the 
treatment of mild to moderate AD. Two 6-month studies have been published show- 
ing favorable effects of rivastigmine on ADL (Corey-Bloom et al., 1998; Rosier et 
al., 1999). In both studies, high-dose rivastigmine had a significantly better outcome 
than placebo on the PDS. 



12.2.4 Metrifonate 

Metrifonate is a Cl that acts as a prodrug for the direct, long-acting inhibitor 2,2- 
dichlorovinyl dimethyl phosphate (DDVP). Although withdrawn from active clini- 
cal development, it is worth reviewing some of its pharmacologic characteristics. 
Metrifonate has a mean half-life in blood of 2.3 h; the half-life of DDVP is 3.8 h. 
Thus, prolonged elevation of ACh levels can be achieved (Itoh et al., 1997). Esti- 
mates of the half-life for cholinesterase recovery vary depending on study method- 
ology with an average of 26.6 ± 15.2 h. Metrifonate undergoes little protein binding 
(<15%), a property that serves to minimize potential drug-drug interactions. 
Although both metrifonate and DDVP undergo extensive biotransformation, they 
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are metabolized independently of the hepatic cytochrome P450 enzyme system, a 
property that favors the absence of drug-drug interactions involving this system. 

In a prospective, multicenter, 26-week, double-blind, parallel group study, the 
efficacy and safely of metrifonate were assessed in AD patients (Raskind et al., 
1999). Cognitive performance was analyzed using the ADAS-cog and the MMSE. 
Psychiatric and behavioral disturbances were analyzed using the NPI and the ADAS- 
Noncognitive subscale. The DAD was used to assess the ability to perform instru- 
mental and basic activities of daily living. Additionally, global state was assessed 
using the CIBIC-Plus scale. A statistically significant benefit of metrifonate was 
observed in the cognitive performance of AD patients. Metrifonate also significant- 
ly attenuated the deterioration in activities of daily living of the patients and relieved 
patients’ psychiatric and behavioral disturbances. In addition, metrifonate signifi- 
cantly improved the scores for the global state of the patients. Unfortunately, met- 
rifonate has been withdrawn from marketing consideration due to safety concerns 
regarding muscle weakness. 



12.2.5 Galantamine 

Galantamine (also called galanthamine and marketed as Reminyl), a naturally 
occurring amarylidaceae alkaloid, is a selective, reversible and competitive AChE 
inhibitor. Galantamine potentiates cholinergic nicotinic neurotransmission by 
modulating the response of the nAChRs to ACh (Albuquerque et al., 1997). 
Because galantamine acts at a site on the nAChR that is different from the ACh 
binding site, it is referred to as an allosteric potentiating ligand (Maelicke, 2000). 
Galantamine appears to enhance presynaptic and postsynaptic nAChR function by 
making nAChT more sensitive to available Ach. It is observed to improve the per- 
formance of AD patients on memory tests and to be well tolerated (Thomsen et 
al., 1990). 

It is observed to improve the performance of AD patients on memory tests and 
to be well tolerated (Thomsen et al., 1990). Galantamine 16 and 24 mg/day signif- 
icantly benefits the cognitive, functional and behavioral symptoms of AD as com- 
pared with placebo (Tariot et al., 2000). After 5 months, the galantamine-placebo 
differences on ADAS-cog were 3.3 points for the 16 mg/day group and 3.6 points 
for the 24 mg/day group (p< 0.001 versus placebo, both doses). Slow dose escala- 
tion appears to enhance the tolerability of galantamine, minimizing the incidence 
and severity of adverse events. In a 5-month pivotal study, galantamine significant- 
ly slowed the progression of behavioral symptoms in patients with mild-to-moder- 
ate AD (Winblad, 2001). These behavioral benefits were associated with reduced 
caregiver distress and translated into reduced caregiver time. The galantamine stud- 
ies used two measures of functional abilities. These are the DAD scale and the 
ADCS-ADL scale (Gelinas &c Auer, 1996; Gelinas et al., 1999; Galasko et al., 1997). 
Galantamine showed evidence of functional benefit in three pivotal phase III stud- 
ies of up to 6 months duration (Winblad, 2001). Furthermore, galantamine stabi- 
lized instrumental and basic ADL in an open-label 12-month study. These benefits 
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would be expected to make an important difference to the quality of life of patients 
and caregivers. Overall galantamine showed significant treatment effects at daily 
doses of 16-32 mg for trials of 3-6 months duration. Galantamine’s adverse effects 
appear similar to those of other Cl in that it tends to produce gastrointestinal symp- 
toms acutely and with dosage increases. 



12.2.6 Controlled release physostigmine 

Physostigmine reversibly inhibits the catabolic enzyme AChE, thereby augmenting 
central cholinergic neurotransmission. In animal studies, physostigmine improved 
memory in aged primates and in primates with scopolamine-induced amnesia (Bar- 
tus &c Dean, 1988; Bartus, 1978). In numerous small clinical trials in AD patients, 
physostigmine demonstrated improved cognitive function (Thai et al., 1989; Mohs 
et al, 1985; Stern et al., 1987). 

The development of physostigmine as a potential treatment of AD has been hin- 
dered by its extensive first-pass metabolism and its short half-life (approximately 30 
min). A new extended-release formulation of physostigmine salicylate (Synapton) 
yields sustained blood levels, permitting twice-daily dosing (Thai et al., 1989). A 
recent double-blind, 12-week study which investigated the efficacy of this extended- 
release formulation of physostigmine salicylate in 850 patients with mild to moder- 
ate AD showed that physostigmine demonstrated a statistically significant benefit 
compared with placebo on an objective test of cognitive function (van Dyck et al., 
2000). In the intent-to-treat analysis of the double-blind, physostigmine-treated 
patients scored -2.02 points better than placebo-treated patients on the ADAS-cog 
(p<0.01) and 0.33 points higher on the CIBIC-plus (p>0.02). Physostigmine is 
associated with high frequency of gastrointestinal side effects. Nausea and vomiting 
were experienced by 47% of all physostigmine-treated patients during the double- 
blind phase. Given the rather high rate of gastrointestinal cholinergic side effects 
compared with other Cl, the role of physostigmine remains to be determined. 



12.3 Nicotinic cholinergic strategies 

AD has been shown in a variety of studies to be accompanied by a dramatic reduc- 
tion in nicotinic receptors in the cortex and hippocampus (Rinne et al., 1991; 
Schroder et al., 1995). Several groups have found that nicotine injections or nico- 
tine skin patches significantly improve attention, memory and learning in AD 
patients (Wilson et al., 1995; Newhouse et al., 1997). Acute nicotine has been found 
to improve memory performance on a variety of tasks (Levin, 1992). Interestingly, 
unlike many cholinergic agonists, nicotine retains its effectiveness with chronic 
administration (Levin et al., 1990). This may be due to the fact that, unlike most 
other agonists, nicotine causes an up-regulation of its receptor (Wonnacott, 1990). 
Preliminary studies have found encouraging results for the use of nicotine as a ther- 
apeutic treatment in AD (Newhouse &: Hughes, 1991; Newhouse et al., 1986; 
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1988). Nicotine has been found to be effective in counteracting memory deficits seen 
in aged monkeys and rats (Buccafusco &; Jackson, 1991; Cregan et al., 1989). 

Nicotinic agonists can protect cerebral cortical neurons against (3-amyloid- 
induced cell death and glutamate excitotoxicity (Kihara et al., 1998; Akaike et al., 
1994). Thus, a multitude of mechanisms might account for the beneficial effects of 
enhancing nicotinic cholinergic function in the CNS of patients with AD even to the 
extent of modifying disease progression (Maelicke & Albuquerque, 2000). Recent 
work with more selective nicotinic receptor agonists and antagonists in animal mod- 
els is providing important information concerning the neural mechanisms for nico- 
tinic involvement in cognitive function and opening avenues for development of safe 
and effective nicotinic treatments for clinical use (Levin & Rezvani, 2000). 

Some studies have suggested that there is an inverse relationship between smok- 
ing and AD (Ulrich et al., 1997). A dose dependency of nicotine has not yet been 
shown for this protective action. Subcutaneous administration of nicotine has been 
claimed to improve attention and information processing in AD patients. Interest- 
ingly, these effects were more evident than memory improvement. A study reported 
that nicotine skin patches significantly reduced errors of omission on the Continu- 
ous Performance Test (CPT) task in nonsmoking patients with AD patients (White 
& Levin, 1999). However, nicotine applied in the form of dermal plasters did not 
induce any significant effect in the treatment for memory deficits in AD patients 
(Snaedal et al., 1996). Further clinical investigations are clearly required. 



12.4 Modulation of other neurotransmitter systems 

There is a growing body of evidence that disturbances of glutamatergic neurotrans- 
mission may underlie a mechanism of neurotoxic excitatory amino acids contribut- 
ing cognitive deficits of AD (Muller et al., 1995). Age-related changes of NMD A 
receptors have been found in cortical areas and in the hippocampus of many species. 
Based on these findings, several strategies have been developed to improve cognition 
by the use of NMDA antagonists as neuroprotective agents to slow down the pro- 
gression of dementia. These antagonists include dextromethorphan, memantine (a 
congener of amantadine) and nitroglycerine. Evidence from randomized clinical tri- 
als has shown that memantine is able to improve symptoms of dementia and slow 
decline: in two pivotal studies (Winblad & Poritis, 1999; Reisberg et al, 2003) it was 
observed to produce a functional improvement and reduces care dependence in 
severely demented patients. In patients with mild to moderate vascular dementia, 
20 mg/day memantine improved cognition consistently across different cognitive 
scales (Orgogozo et al., 2001). After 28 weeks, the mean ADAS-cog scores were sig- 
nificantly improved relative to placebo. In the intention-to-treat population, the 
memantine group mean score had gained an average of 0.4 points whereas the 
placebo group mean score had declined by 1.6 points. The response rate for the 
CIBIC-plus defined as improved or stable was 60% with memantine compared with 
52% with placebo. Current drugs in preclinical development include L-701252, LY- 
235959 and WIN-63480-2 (Table 12.3). 
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The actions of neuroactive steroids at the molecular level provide the basis for 
their modulation of a broad spectrum of physiological and pathological conditions. 
For example, the NMDA-receptor antagonism produced by estrogens and 3a- 
reduced antagonism produced by estrogens and 3a-reduced pregnane steroids 
might, in part, account for their neuroprotective properties (Weaver et ah, 1997). 
Moreover, in view of the reported memory-enhancing effects of pregnenolone and 
dehydroepiandrosterone (DHEA) in animal studies, steroids that are negative 
allosteric modulators of GABA a receptors might become novel therapeutic agents 
for improving cognitive deficits (Flood et al., 1988). However, although DHEA con- 
centrations decrease with age, no consistent relationship between DHEA concen- 
trations and cognitive function or dementia in humans has been established. Fur- 
thermore a randomized study over 6 months showed no benefit of DHEA over 
placebo (Wolkowitz et al, 2003). Future studies need to clarify whether steroids pro- 
duce real clinical benefits in the treatment of dementias. 



12.4.1 Neurotrophic growth factors 

Nerve growth factor (NGF) as the prototypic neurotrophic growth factor is inti- 
mately related to the maintenance of function of the cholinergic basal forebrain sys- 
tem. Forebrain cholinergic neurons are the only cells in the adult brain that express 
high amounts of the low affinity p75 receptors for NGF. NGF increases hippocam- 
pal acetylcholine and prevents cholinergic cell loss and atrophy after fornix lesions, 
indicating the potential utility of NGF as a neuroprotective treatment for basal fore- 
brain cells in AD (Holtzman et al., 1993). An innovation in AD therapy may come 
from NGF-mimetic drugs. Protocols for therapeutic trials in patients have been con- 
sidered. A first clinical trial with NGF in AD did not bring up clear results (Seiger, 
1993). 

Cerebrolysin (Cere) is a compound with neurotrophic activity (Satou, 1994). It 
is a brain-derived peptide preparation produced by biotechnological methods, 
using a standardized enzymatic breakdown of purified porcine brain proteins. In a 
model of fimbria fornix transection, Cere was able to prevent the degeneration of 
medial septal cholinergic neurons (Akai, 1992). Studies with Cere in patients suf- 
fering from dementia of different etiologies have shown significant clinical benefit 
(Kofler, 1990). In a randomized, placebo-controlled, double-blind study investigat- 
ing the effects of a 4-week treatments with 30 ml of Cere in 120 patients suffering 
from mild to moderate AD, improvements of cognition, global rating and activities 
of daily living were noted (Ruether, 1994). In a follow up evaluation of these 
patients 6 months after cessation of treatment, improvements were still present 
(Ruether, 2000). These results were confirmed in other studies (Bae, 2000; Ruether, 

2001) . A recent double-blind, placebo-controlled study in which AD patients were 
injected intravenously with placebo or 30 ml Cere 5 days per week for 4 weeks 
showed that Cere treatment was well tolerated and resulted in significant improve- 
ments in the global score 2 months after the end of active treatment (Panisset et al., 

2002 ) . 
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12.4.2 Decreasing the cellular reaction to neurodegeneration 

Microglial cells, closely related to the macrophage series of cells in the periphery, 
increase in size and number in the AD brain. From this, and the presence of com- 
plement in amyloid plaques, the concept of AD as an “inflammatory” disease has 
emerged. It has been reported that individuals taking anti-inflammatory drugs such 
as NSAIDs have fewer cerebral microglia, and are less likely to develop AD, with a 
fairly consistent risk reduction of about 50% (Mackenzie & Munoz, 1998; Breitner 
et al., 1995). The greatest protection is observed in those with late-onset AD (> 70 
years of age) and with a strong family history of AD. In one randomized, placebo- 
controlled study with indomethacin in 44 patients with mild AD, after 6 months of 
treatment, a slight improvement in cognitive function from baseline was noted in the 
treated group (Rogers et al., 1993). 

New products with anti-inflammatory properties in clinical development for 
AD include SC-110 and GR-253035, a COX-2 inhibitor. NF-AB, a DNA-bind- 
ing protein, has an important role in driving transcription from inflammation- 
related genes, such as COX-2, that operate in stressed tissues such as the AD 
brain. Blocking intervention at this stage may be a potential approach for treat- 
ment. 



12.4.3 Propentofylline 

Propentofylline (3-methyl-l-(5-oxohexyl)-7-propyl-xanthine), a xanthine derivative 
and inhibitor of adenosine re-uptake, has been reported to inhibit glutamate release 
and may increase cerebral blood flow, and is thought to act mainly on astrocytes 
and microglia. It appears to delay the progression of mild-to-moderate dementia in 
addition to providing symptomatic relief. In a 12-month randomized, placebo-con- 
trolled study of propentofylline in AD and vascular dementia, the total patient pop- 
ulation showed statistically significant treatment differences in favor of propento- 
fylline for the global measures of dementia as well as for cognitive evaluations (Mar- 
cusson et al., 1997). Despite these encouraging results, propentofylline has been 
withdrawn from active clinical research. 



12.4.4 Drugs that reduce oxidative stress 

The role of oxidative stress in the etiology of AD has been hypothesized and sup- 
ported by a variety of experimental and clinical studies (Markesbery, 1997; Chris- 
ten, 2000). There is increasing evidence that the AD brain is under severe oxidative 
stress, either as a direct result of A|3-mediated generated oxyradicals or as the result 
of perturbed ionic calcium balances within neurons and their mitochondria. This 
research has promoted interest in assessing antioxidants for their possible benefits 
in modifying the course, reducing the risk or delaying the onset of AD (Grundman, 
2000; Launer, 2000). 
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Drugs such as Vitamin E, idebenone, or estrogens that have strong antioxidant 
properties are showing variable degrees of efficacy (Sano et ah, 1997; Gutzmann et 
ah, 1998). Well-designed intervention trials as well as observational investigations 
based on large cohorts studied over long periods of time with several methods for 
assessing antioxidant exposure are ideally suited to test the hypothesis. Nonetheless, 
the idea that vitamin E and vitamin C might have beneficial effects on the underly- 
ing AD process makes sense and it seems unlikely that antioxidant-rich foods would 
negatively affect brain aging. 

Newer antioxidants in clinical development include the free radical scavenger 
ARL-16556, an alpha-phenyl-t-butylnitrone derivative with “spin trapping” effects. 



12.4.5 Estrogen replacement therapy 

Destpite the lack of consensus, many studies indicate that hormone replacement 
therapy may decrease the risk for or delay the onset of AD in postmenopausal 
women. Estrogen replacement therapy (ERT) in healthy postmenopausal women 
favorably affects mood and may have modest effects on cognitive function. In addi- 
tion to its antioxidant properties, estrogen may promote growth of cholinergic neu- 
rons, reduce plasma levels of Apo E, modify inflammatory responses or even direct- 
ly reduce Ap generation (Xu et al., 1998). The distribution of estrogen receptors 
(ERs) in neurons overlap that of the brain neurons known to develop AD (Isoe et 
al., 1997). However, a recent study designed to determine whether ERa gene poly- 
morphisms are associated with transcriptional activity and AD reported no associ- 
ation between ERa gene polymorphisms and AD (Maruyama et al., 2000). 
Although there were racial differences in these polymorphisms, the previously 
reported association between ERa gene polymorphisms and AD was not con- 
firmed. 

A randomized, double-blind placebo-controlled clinical trial which involved 120 
women with mild to moderate AD was designed to determine the long-term effica- 
cy of ERT in a large population (Mulnard et al., 2000). The results of the study 
showed that ERT for 1 year did not slow disease progression nor did it improve 
global, cognitive or functional outcome in women with mild to moderate AD. The 
CGIC 7-point scale difference that was the primary outcome measure for estrogen 
versus placebo was not significant (5.1 versus 5.0; p = 0.043). Of participants tak- 
ing estrogen, 80 versus 74% of participants taking placebo worsened. This study 
did not support the role of estrogen for the treatment of AD. The role of estrogen 
therapy may be confined to primary rather than secondary prevention of AD. How- 
ever, the potential role of estrogen in the prevention of AD requires further research. 
Ongoing clinical studies may help to determine the role of estrogen in the cognitive 
function of postmenopausal women and in the prevention of AD. 

New products in preclinical development include Neurestrol (a sustained-release 
formulation) and ABPI-124, a compound without feminizing side effects. The 
effects of raloxifene and tamoxifene (nonsteroidal, selective estrogen receptor mod- 
ulators) in AD are yet to be determined. 
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12.4.6 Therapeutic strategies in the APP/Ap amyloidogenic pathway 

The gene dosage effect of trisomy 21 has shown that down-regulation of APP 
expression is a theoretical therapeutic strategy, but our understanding of the factors 
which regulate APP transcription are still too rudimentary. The normal function of 
APP also remains uncertain, placing some restriction on our ability to predict the 
unintended side-effects of APP down-regulation. 

Most therapeutic research has been devoted to developing inhibitors of the P~ 
and y secretases which are responsible for the proteolytic cleavage events which gen- 
erate Ap. While the identity of these enzymes remains unknown, several companies 
have developed compounds that are efficient inhibitors of y-secretase (Table 12.3). 
Most are still in preclinical development. Studies that implicate the presenilins in the 
y-secretase pathway are also opening up new therapeutic strategies, although the 
involvement of presenilin in Notch signaling has caused some concern over the 
potential adverse effects of y-secretase inhibitors (Hardy &c Israel, 1999). 

Compounds directed at the toxic effects of Ap or stabilizing the aggregated 
forms of Ab to promote its clearance from the brain are now under active develop- 
ment. Further insight is required in understanding the roles of other proteins or 
lipids (cholesterol, for example) that interact with Ap (such as Apo E and a2- 
macroglobulin) or with APP as it travels through the cell towards its biogenesis of 
Ap. Inhibitors of Ap production, that is, small compounds that cross the blood- 
brain barrier and decrease but do not eliminate either p- or y-secretase activity, could 
be therapeutic in the early clinical phases of the disease, particularly in patients with 
MCI. In the case of y-secretase inhibitors, these could be designed to decrease Ap 
production by some 30-40%. Hopefully, such approach would not interfere with 
the Notch processing. 

A remarkable approach has recently been described in which transgenic mice, 
immunized with human Ap, showed attenuation of amyloid plaque formation 
(Schenk et al., 1999). This may represent a novel mechanism for promoting the 
clearance of Ap from the brain, as the rates of Ap production were not altered. The 
mechanism of action with which Ap immunization determines the inhibition of the 
formation of Ap plaques and a reduction of already formed amyloid lesions is not 
fully understood. There are two major hypotheses explaining the increase of Ap 
clearance caused by vaccination. Centrally, the vaccine activates Ap phagocytosis by 
microglial monocytes. Peripherally, serum anti-Ap antibodies appear to bind and 
sequester Ap, thus altering its equilibrium between CNS and plasma. 

Data from patients with AD who received a primary injection of pre-aggregated 
Ap 42 followed by a booster injection in a placebo-controlled study showed that that 
antibodies in immune sera recognized p-amyloid plaques, diffuse Ap deposits and 
vascular p-amyloid in brain vessels (Hock et al., 2002). Thus, vaccination of AD 
patients with Ap 42 induces antibodies that have a high degree of selectivity for the 
pathogenic target structures. Long-term clinical assessment will be required to deter- 
mine whether this approach will halt or improve cognition in the patients treated. 
The finding that vaccinated patients with AD generated antibodies against beta- 
amyloid encourages the further development of immunization therapy. However, 
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this study was suspended when clinical signs of post-vaccination meningoen- 
cephalitis were reported in several patients. Although it was pointed out that the 
meningoencephalitis suffered by some of the trial participants is unlikely to stem 
from an antibody-mediated response against cellular precursor protein, this study 
did not clarify the cause of the inflammation in the patients. Thus, additional 
research and efforts are clearly warranted. While the Ap immunization approach 
has opened unprecedented hopes for an effective treatment of AD, a number of 
issues both in terms of efficacy and safety may preclude its successful application in 
AD patients. The future of this approach depends on a clearer understanding of the 
mechanism of Ap clearance and additional insight into the role of inflammation in 
the AD brain. 



12.4.7 Anti-inflammatory drugs 

It has been reported that the risk of AD diminishes with increased duration of 
NSAID use and that the onset of dementia is delayed in NSAID users (McGeer et 
al., 1996; Stewart et al., 1997). The pharmacological activity of NSAIDs is general- 
ly attributed to the inhibition of COX, a rate-limiting enzyme in the production of 
prostaglandins. COX was demonstrated to exist as two distinct isoforms (Fu et al., 
1990; Xie et al., 1991). COX-1 is constitutively expressed as a housekeeping 
enzyme in nearly all tissues and mediates physiological responses (e.g., cytoprotec- 
tion of the stomach, platelet aggregation). On the other hand, COX-2 expressed by 
cells that are involved in inflammation (e.g., macrophages, monocytes, synovio- 
cytes) has emerged as the isoform that is primarily responsible for synthesis of the 
prostanoids involved in pathological processes such as acute and chronic inflamma- 
tory states. Accordingly, many of the side effects of NSAIDS can be ascribed to a 
suppression of COX- 1 -derived prostanoids whereas inhibition of COX-2-dependent 
prostaglandin synthesis accounts for the anti-inflammatory, analgesic and antipyret- 
ic effects of NSAIDS. 

In AD, COX-2 appears to be up-regulated in brain areas related to memory 
(hippocampus, cortex) with the amount of COX-2 correlating with the deposition 
of (3-amyloid protein in the neuritic plaques (Pasinetti, 2001). Elevation of COX-2 
expression in hippocampal neurons during the early phase (mild dementia) of AD is 
considered to favor the later inflammatory neurodegenerative process. Emerging 
evidence in animal studies indicates that one of many possible therapeutic actions of 
NSAID in the AD brain may be the suppression of microglial activation associated 
with b-amyloid deposits. It has been shown that indomethacin administration sig- 
nificantly reduces the number of activated microglial cells surrounding the intra- 
parenchymal P-amyloid deposits developing after infusion in the lateral ventricle of 
rats (Netland et al., 1998). 

In a prospective study, 6889 people were followed for about seven years (in’t 
Veld et al., 2001). All subjects were aged 55 or older and free of dementia at the 
beginning of the study. The mental and neurological health of the participants were 
assessed at the beginning, middle and end of the study. Throughout the study, the 
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NSAIDs use of the subjects was monitored. The results showed that the subjects 
who used NSAIDs for two or more years were 80% less likely to develop AD com- 
pared to individuals who did not use the drugs. During an average follow-up peri- 
od of 6.8 years, dementia developed in 394 subjects, of whom 293 had AD, 56 vas- 
cular dementia and 45 other types of dementia. The relative risk of AD was 0.95 in 
subjects with short-term use of NSAIDS, 0.83 in those with intermediate-term use 
and 0.20 in those with long-term use. The risk did not vary according to age. 
Ibuprofen, naproxen and diclofenac were the most popular NSAIDs used. NSAIDs 
might decrease AD risk. Inhibition of inflammation may be one mechanism. Block- 
age of an enzyme involved in the production of Ap may be another possibility. 
However, this study did not include mortality data. It is entirely possible that 
patients who received long-term treatment with NSAIDs were dying sooner from 
the complications. These data need to be confirmed by prospective, double-blind 
randomized studies to asses the ideal dose and safety involved. 



12.4.8 Modulation of cholesterol homeostasis 

Chronic use of cholesterol-lowering drugs such as the statins has been associated 
with a lower incidence of AD (Wolozin et al., 2000; Jick et al., 2000). Concurrent- 
ly, high-cholesterol diets have been shown to increase Ap pathology in animals and 
cholesterol-lowering drugs have been shown to reduce pathology in APP-transgenic 
mice (Sparks et al., 2000; Refolo et al., 2001). These effects seem to be caused by a 
direct effect of cholesterol on APP processing (Wahrle et al., 2002). A particular 
advantage of this approach is that statin drugs are generally well tolerated and have 
already been widely prescribed. Clinical trials are under way using the add-on 
design, where Lipitor or a placebo is added to stable doses of donepezil. 



12.4.9 Metal ion chelators 

The metal ion chelators strategy is based on the observation that Ap aggregation is, 
in part, dependent on the metal ions Cu 2+ and Zn 2+ (Bush et al., 1994). This strat- 
egy reasons that chelation of these ions in vivo may prevent Ap deposition. Ap depo- 
sition was impeded in APP transgenic mice treated with the antibiotic clioquinol, a 
known Cu 2+ /Zn 2+ chelator (Cherny et al., 2001). This strategy has now reached the 
clinical trial stage. 



12.5 The emerging field of pharmacogenetics 

As in all complex diseases, many genetic elements are responsible for the clinical 
phenotype. Predicting who, in a mixed population, will respond best to any given 
therapeutic compound is a challenge for pharmacogeneticists. There are already 
some indicators that the Apo E allotype may affect responses to Cl therapy (Richard 
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et al., 1997), although this remains to be confirmed. Pharmacogenomics in AD may 
be even more significant in deciding which class of stabilization drug (statin versus 
amyloid-modyfing, for instance), individual patients should be getting early in the 
course of their disease. 



12.6 Discussion 

Much has been learned from the first few years of specifically targeted AD therapy. 
All the Cl have demonstrated a statistically significant, although modest, effect ver- 
sus placebo on the cognitive and the global performance of patients with AD. How- 
ever, not all AD patients benefit equally from treatment with CI. At least, one third 
of treated individuals experience no benefit above baseline (Burns et al., 1999; 
Rosier et al., 1999). To ascertain who will benefit from treatment with CI must be 
an important task for researchers. Some studies have indicated that the inheritance 
of Apo E4 alleles is a negative predictor for treatment effect, at least after up to 30 
weeks of treatment (Poirier et al., 1995; Schneider & Farlow, 1997). Apo E2-3 AD 
patients benefit more than Apo E4 AD patients from treatment with CI. A study 
designed to assess the effect of tacrine on the rate of progression in AD with rela- 
tion to Apo E allele genotype showed a faster rate of decline in Apo E4 AD com- 
pared to the Apo E2-3 (Sjogren et al., 2001). These data may also suggest that Apo 
E4 genotype inheritance is a negative predictor of treatment effect of tacrine in AD 
patients. 

There are no major differences yet demonstrated in terms of efficacy between the 
different CI over one year. The mean difference between drug and placebo effects on 
standardized psychometric scales is about 2 to 4 points on the ADAS-cog and 0.2 
to 0.5 points on the CIBIC-plus or 5-14% of the average value of the scales (Imbim- 
bo, 2001). The most common adverse effects observed after administration of CI are 
nausea, vomiting, diarrhea, asthenia and anorexia, all symptoms linked to choliner- 
gic overstimulation. These effects are dose related and largely depend on the degree 
of cholinesterase inhibition. Also important is the rate of onset of cholinesterase 
inhibition, which depends on the kinetics of enzyme inhibition, the presence and 
rate of titration and the pharmacodynamic peak-to-trough fluctuations. A compar- 
ison of tacrine with other second generation CI shows that despite these drugs hav- 
ing modest clinical efficacy, their main differences reside in their frequency of side 
effects, number of drop-outs and percentage of improved patients. Although effica- 
cy may be similar between the CI at effective doses, peripheral cholinergic adverse 
effects, tolerability and hepatotoxicity limit their use in some patients. However, 
patients not responding to a drug may be switched to another medication. Two 
studies showed that switching from donepezil to rivastigmine is worthwhile when 
donepezil has produced intolerable side effects or has failed to prove effective (Auri- 
acombe et al, 2002; Bullock & Connolly, 2002). A beneficial effect, over and above 
any previous effect was demonstrated in over half the patients exposed to a second 
CI. The types of controlled study carried out for the CI have generally been short- 
term, ranging from 12 weeks to 6 months using similar kinds of cognitive outcome 
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measures. Therefore, long-term controlled studies beyond a year need to be evalu- 
ated. Furthermore, reliable controlled data on meaningful outcomes such as depen- 
dency and institutionalization or other aspects of long-term efficacy are urgently 
needed. 

In contrast to the Cl, the beneficial effect of estrogen therapy may delay the pro- 
gression of AD (Paganini-Hill &c Henderson, 1996). Since combination therapies 
may be crucial, it will be interesting to trial combinations of drugs that possess dif- 
ferent mechanisms of action, as for example, Cl and estrogen. Clinical studies are 
necessary to assess the efficacy and interactive effects of these approaches. With 
regard to the use of NSAID in AD, it is important to note that the elderly are more 
susceptible to the adverse effects of NSAID and therefore, they should be used with 
caution. The development of COX-2 and leucotriene inhibitors might be very 
important. Regarding antioxidants such as Vitamin E, it is worth considering in 
patients with AD, since it can be obtained over the counter, and is relatively non- 
toxic and inexpensive. 

In the last two decades, the clinical efficacy of the special extract of Ginkgo bilo- 
ba , EGB 761® (EGb) has been extensively documented for a range of cognitive dis- 
orders (Le Bars et al., 1997; Maurer et al., 1997). Most of the studies were under- 
taken in Europe and reported positive results after 12- week as well as 24-week EGb 
treatments in patient populations suffering from different types of dementia of mild 
to moderate severity (Kanowski et al., 1996; Maurer et al., 1997). Recently, the out- 
comes of North American studies further substantiated the efficacy of treatment 
with EGb in AD (Le Bars et al., 1997; 2002). If these positive results are further sup- 
ported by future studies, EGb may be considered a valuable agent for the treatment 
of AD. 

AD is a complex and dynamic disease having numerous effects on both patients 
and their caregivers. Assessment of antidementia medication outcome is therefore 
difficult and requires a wide variety of evaluations to obtain a total representation 
of a drug’s impact upon the disease. However, the knowledge gained to date has 
served to set the standards by which all future therapies will be measured. Progress 
has been remarkable, with every prospect that really effective strategies will emerge 
in the near future. A consideration in drug development is the definition of thera- 
peutic benefit for AD drugs. The FDA requires that a drug show superiority to 
placebo on a performance-based test of cognition and a measure of global clinical 
function. The most common accepted instrument used to test cognitive performance 
is the ADAS-cog. Although other symptoms of AD (e.g. ADL impairment or behav- 
ioral symptoms) have been studied as secondary efficacy measures, the FDA has not 
formally accepted these symptoms as acceptable primary outcome measures. This 
restrictive definition of the disease is biased toward drugs that enhance performance 
on memory-based tests. This may pose a problem for drugs designed to slow disease 
progression. 

There is a clear requirement in the design of clinical trials for the inclusion of 
scales to measure the behavioral and cognitive symptoms of AD. AD scales should 
be as short as possible and should cover cognitive, non-cognitive and functional 
items. The CERAD neuropsychological battery that usually takes 20-30 min to 
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administer has been found to be a valuable instrument for clinical as well as research 
investigations and has greatly contributed to the identification and clinical under- 
standing of AD (Welsh-Bohmer & Mohs, 1997). CERAD emerges as an interesting 
tool to assess the cognitive status of patients with AD at entry and during long-term 
follow-up in large clinical trials. Apart from the inclusion of behavioral and cogni- 
tive scales in clinical trials for the assessment of the benefits of treatment of AD, it 
also appears that improvements in everyday functioning and quality of life are cru- 
cial parameters to assess efficacy of a new drug (Kelly et al., 1997). Recent criticisms 
of clinical studies and marketing of AD drugs point out that the evaluation of new 
healthcare technologies must be improved (Melzer, 1998). It was suggested that it is 
crucial to conduct trials on patients who are representative of those for whom the 
drug will be licensed and marketed; to publish full trial results before the marketing 
of the new drug so that prescribing doctors can judge the size of clinical benefits and 
risks. The SCAG (and the SASG), the BDS, the GBS, the GDS and the performance, 
verbal, intellectual and memory quotients measured with the WAIS and the WMS 
were more successful than the MMSE and the ADAS in measuring some improve- 
ment in various drug trials. The general observational evaluations of cognition and 
behaviors that are most frequently used in drug trials, the CGIC and the CIBIC are, 
like the ADAS, an FDA requirement for drug approval. However, the results report- 
ed in the trials using these evaluations are not impressive. The use of the CIBIC or 
CGIC evaluations raises some difficulties. The nonpsychometric nature of the 
instruments themselves is a problem (no sensitivity, validity and interrater reliabili- 
ty data). In general, the scales with the best results in trials of cognition-enhancing 
drugs are those with a psychiatric assessment (emotional and behavioral) together 
with a cognitive evaluation that taps into concentration capacity and autobio- 
graphical and semantic memory (e.g., the BDS, GBS and the SCAG). However, all 
the scales and the clinical observational evaluations share the same problem; they 
do not provide information about which aspects of memory are preserved, 
improved or altered. 




Chapter 13 

Pharmacological treatment of neuropsychiatric symptoms 



13.1 Introduction 

Behavioral and psychological symptoms of dementia cause premature institutional- 
ization and significant loss of quality of life for the patient and his/her family and 
caregivers. An imbalance of different neurotransmitters (ACh, dopamine, noradren- 
aline, serotonin) has been proposed as the neurochemical correlate of these neu- 
ropsychiatric symptoms. The significant decrease in cholinergic activity may result 
in a relative increase in monoaminergic activities, leading to hypomanic or manic 
symptoms and behavior including delusions, hallucinations and physical aggression 
(Folstein, 1997). Conversely, AChE inhibitors have shown to be able to reduce neu- 
ropsychiatric severity (see Table 13.1). 

Psychoactive drugs commonly used to treat the behavioral symptoms of AD are 
the same classes of drugs used in the general population, including antidepressants, 
antipsychotics, and antianxiety medication. Because patients with AD tend to be 
very sensitive to the CNS effects of these drugs, they must be used especially care- 
fully. 



13.2 Depression 

Any patient with dementia with significant depressive symptoms such as sleep, 
appetite, or energy disturbance, depressed mood or irritability, anhedonia, social 
withdrawal, excessive guilt, a passive death wish or suicidal ideation, or agitation 
should be considered for treatment of depression even if failing to meet criteria for 
a depressive disorder (Small et al., 1997). Some potential antidepressants used for 
treating depression in AD patients include some selective serotonin reuptake in- 
hibitors (SSRI), Venlafaxine and some atypical antidepressants (see Table 13.2). In 
an 8-week, prospective parallel group trial, the efficacy of Paroxetine and 
imipramine was studied (Katona et al., 1998). It was found that both drugs were 
effective and there were no significant differences in the outcome between the 
groups, though there were trends suggesting that Paroxetine was better tolerated 
than imipramine in terms of adverse effects. Fluoxetine and especially trazodone 
have been shown to be helpful in the management of agitation (Lebert et al., 1994; 
Aisen et al., 1993). A large-scale clinical trial in which 694 patients with symptoms 
of depression and cognitive decline were treated with the reversible, type A specific 
MAO inhibitor moclobemide (400 mg/day) or placebo for a period of 6 weeks was 
performed (Roth et al.,1996). Significant benefits of moclobemide relative to place- 
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Table 13.1: Non-cognitive effects of AChE inhibitors in AD patients 



Drugs 


Effects on neuropsychiatric symptoms 


References 


Tacrine 


i Delusions and apathy 


Cummings et al., 1993 




i Disinhibition 


Raskind et al., 1997 


Physostigmine 


i Agitation 


Gorman et al., 1993 


Donepezil 


i Improvement of ADAS non-cog scores 


Rogers & Friedhoff, 1996; 
Rogers et al., 1998; Schachter 
& Davis, 1999 


Metrifonate 


i Hallucinations 


Becker et al., 1996; Morris et 
al., 1998 


Rivastigmine 


i Psychosis 


Jan & McKeith, 1998 



bo were reported in both groups of patients. The performance on the MMSE was 
found to improve especially among patients with depression and co-existing demen- 
tia. In summary, SSRIs and tricyclic antidepressants are both effective in treating 
depression in patients with dementia. SSRIs are probably safer but the choice of 
antidepressants used largely depends on the profile of the side-effects. In many 
patients, depression may remit within 12 months and the need for antidepressants 
should be kept under review. 

Donepezil was associated with the largest number of positive observations, sup- 
porting a beneficial effect on mood and behavior in AD patients. Weiner et al. 
(2000) found that donepezil administration was associated with prevention of wors- 
ening depression and behavioral impairment over a 12-month period in AD 
patients. Cummings et al. (2000) reported that AD patients taking donepezil had 
lower level of behavioral disturbances, were less threatening and needed fewer seda- 
tives than those not on donepezil as reported as caregivers after a 6 -month treat- 
ment period. Hecker et al. (2000) reported improvement with donepezil in depres- 
sion, anxiety and apathy areas of the NPI when compared with placebo over 4 and 
24 weeks in 191 moderate-severe AD patients. 



13.3 Psychosis 

Neuroleptics have been the mainstay of treatment of delusions and hallucinations in 
dementia. Classical neuroleptics have been shown to worsen cognitive and func- 
tional ability in dementia and therefore should not be considered as first choice of 
drugs (Chui et al., 1994; McShane et al., 1997). 

The newer atypical agents (risperidone, olanzapine, quetiapine, and clozapine) 
or midpotency agents are preferred because of fewer adverse affects. In the short 
term, they are less likely to cause extrapyramidal side effects and postural hypoten- 
sion. Risperidone has been shown to be effective and is less likely to cause extra- 
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Table 13.2: Some antidepressants used for treating depression in AD patients 



Drugs 


Comments 


References 


SSRI 


Sertraline 


Few interactions with the cytochrome P450 system 
and little anticholinergic activity. Good choice for 
patient with AD. 




Fluoxetine 


Long half-life and active metabolite. Half-life allows 
adequate blood levels of drug to be maintained 
although doses are missed. Good substitute if 
compliance is a problem. 


Lebert etal., 1994 


Paroxetine 

Fluvoxamine 


Most anticholinergic of the SSRIs and theoretically 
may produce more adverse effects on cognition. 
Has a relatively short half-life and the twice-daily 
dosing may impair compliance. 


Katona et al. 1998 


SNRI 


Venlafaxine 


Inhibits both serotonin and norepinephrine reuptake 
without having anticholinergic adverse effects. 


Rudolph & 
Derivan, 1996 


Tricyclics 


Imipramine 

Amitriptyline 

Nortriptyline 


Should not be used in patients with AD because of the 
anticholinergic effects. 

Should not be used in patients with AD because of the 
anticholinergic effects. 

Tricyclic antidepressant of choice because of fewer 
anticholinergic effects. Serum levels and electrocardio- 
gram should be monitored at steady state before each 
dose increase with target levels of 50-150 ng/ml 


Katona et al. 1998 


MAOI 


Selegiline 


Two of 5 controlled trials evaluating selegiline's effect on 
behavior (e.g., anxiety, tension, excitement, depression) 
showed a positive effect 


Tolbert & Fuller, 
1996 


Other classes 


Nefazodone 


A serotonin reuptake inhibitor and 5HT 2A receptor 
antagonist. Administered in twice daily dosing and the 
most common adverse effects are lethargy, dizziness 
and dry mouth. 


Goldberg, 1997 


Bupropion 


A weak norepinephrine reuptake inhibitor but is a 
stronger inhibitor of dopamine uptake. The dopaminergic 
effect may be beneficial in some AD patients and may 
be stimulating and effective for apathy. 


Ascher et al., 1995 


Mirtazepine 


An a2-antagonist and 5HT 2 and 5HT 3 receptor 
antagonist which may be effective in treating refractory 
patients. 


Montgomery, 

1995 

Raji & Brady, 2001 
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pyramidal side effects or impaired cognitive performance (De Deyn et al., 1999; 
Stoppe et al., 1999). However, risperidone can cause postural hypotension and 
extrapyramidal side effects at high doses. Care should be used when increasing the 
dose beyond 2.5 mg. Olanzapine may be a useful alternative, especially because to 
its sedative properties. Long-term safety of atypical neuroleptics still remains to be 
established. 

A study showed that the typical antipsychotics are still the most commonly used 
despite the better safety profile of the atypicals (Condren 6c Cooney, 2001). More 
research is required into the use of psychotropic medication for dementia and there 
is need for consensus in this area. 



13.4 Anxiety 

The use of medications such as benzodiazepines, antidepressants and mood stabi- 
lizers is common with many doctors using these drugs as alternative medicines or 
adjunctives in the treatment of behavioral symptoms and anxiety (Condren 6c 
Cooney, 2001). There was a wide variation in the dosages used by clinicians, with 
some prescribing surprisingly high dosages of some drugs. 

Benzodiazepines are useful in treating anxiety, tension, irritability, agitation and 
insomnia. Excessive sedation, ataxia, confusion and falls are the main problems 
associated with benzodiazepines use (Grad, 1995). If benzodiazepines are used, it 
may be appropriate to use shorter-acting benzodiazepines like oxazepam or 
lorazepam. Buspirone, a partial agonist of 5HT 1A receptor, was suggested to be use- 
ful in case-reports and open studies but failed to show effectiveness over a placebo 
(Lawlor et al., 1994). 



13.5 Discussion 

Psychotropic drugs are commonly used as part of the management plan to treat the 
psychological symptoms and decrease the behavioral symptoms. During the course 
of illness almost every dementia patient will receive at least one psychoactive agent 
(Terry 6c Katzman, 1983). 

Elderly patients have increased sensitivity to the effects and side effects of med- 
ications and a tendency to accumulate drugs due to various physiological factors 
such as increased body fat, decreased hepatic metabolism and reduced renal clear- 
ance. Therefore, a plan should be made to assess the effects and side effects of med- 
ications. Regular review should be arranged to decide the duration of the treatment. 

There is some evidence to suggest use of neuroleptics or benzodiazepines in the 
management of agitation in dementia but their efficacy needs to be weighed against 
the potentially fatal side effects such as falls. Neuroleptics may be particularly use- 
ful when agitation is associated with delusions or hallucinations. Antidepressants 
could be used if there are predominant depressive symptoms with agitation. Com- 
pounds that are effective for the BPSD syndrome can be identified. The identifica- 
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tion of agents with specific efficacy in treating BPSD requires demonstration of sta- 
tistically significant efficacy, independent of effects on cognition and functioning. It 
is better if a medication improves BPSD and cognition or if it improves BPSD and 
functioning. A broader indication would appear appropriate for such an agent. 

More research is needed into the use of psychotropic drugs in the treatment of 
patients with AD including studies to determine more specific drug-responsive 
behaviors to maximize the benefits of these medications and the range of side effects 
observed with the unusually high doses of psychotropics in these patients. 




Chapter 14 

Psychological support and cognitive rehabilitation 



14.1 Introduction 

Because functional impairment is one of the main consequences of the dementing 
process, patients are no longer able to engage in meaningful activities on their 
own. Demented patients cannot pursue hobbies because of apraxia; they cannot 
read because of comprehension difficulties and they cannot engage in social activ- 
ities because of aphasia. Meaningful activities may improve depression, diminish 
agitation, apathy, insomnia and repetitive vocalization and should be attempted. 
Meaningful activities are important at all stages of dementing illnesses. Individu- 
als with advanced dementia need stimulation with appropriate activities because 
few, if any, patients with AD progress to the persistent vegetative state (Volicer et 
al., 1997). 

Accumulating evidence suggests that certain training techniques could be benefi- 
cial to many amnesic patients. These may include practices or exercises that train 
direct memory, mnemonic or internal strategies that are visual imagery or verbal 
strategies that train information retention and recall. Other approaches include 
external memory aids or strategies that aim at compensating for the memory disor- 
der. Approaches to helping people in the early stages of dementia should incorpo- 
rate a range of elements that could be selected and adapted according to individual 
needs (see Table 14.1). One of the simplest methods to help avoid problems caused 
by memory impairment is to structure or rearrange the environment to enable 
patients to cope without adequate memory functioning. Labeling cupboards, draw- 
ers and doors; colored lines from one place to another; sign-posting and positioning 
material in places where it is most likely to be seen are all examples of environ- 
mental structuring. Memory rehabilitation can be classified into teaching and acqui- 
sition of domain-specific knowledge, motor coding, reality orientation and 
metacognition improvement. 

One of the challenges for rehabilitation has been to find ways to tap into the pre- 
served mechanisms to compensate for those that are damaged or lost. Early attempts 
at rehabilitation that focused on teaching mnemonic strategies were effective only 
for mildly impaired patients who retained some residual memory function but they 
provided few benefits for patients with moderate to severe memory deficits. Seeking 
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Table 14.1: Items that may be used to help people in the early stages of dementia 



- Enhancing social contacts and support, and limiting isolation 

- Giving more occasions to discuss about the experience and emotional impact of AD 

- Helping patients to identify and engage in activities that they can still enjoy 

- Helping patients with dementia to access information that is appropriate to their needs 

- Assisting in the development of realistic and effective compensatory strategies 

- Helping patients to have a sense of self-worth 



to improve memory function in neurological patients in a global manner by means 
of mental imagery and other mnemonic devices imposes further demands upon their 
already impaired memory for specific episodes and events. Rehabilitation should 
exploit their residual learning capacities and prior knowledge to facilitate the acqui- 
sition and retention of knowledge within particular domains of practical signifi- 
cance to patients themselves (Glisky &c Schacter, 1989; Schacter &c Glisky, 1986). 
Social factors and individual personality need to be taken into account when design- 
ing rehabilitation. Pre- and postmorbid lifestyles may be influential in determining 
the nature of treatment. 



14.2 Cognitive rehabilitation 

Several main approaches to rehabilitation such as restoration of function, environ- 
mental control and functional adaptation have been proposed (Wilson & Patterson, 
1990). Games and exercises activities can provide pleasure and a positive social 
atmosphere for people who may be having a difficult time because of their cognitive 
failures. These activities can be engineered so that even the most severely impaired 
person can succeed. This is important for people who frequently fail at tasks requir- 
ing a recall or new learning. They have a good face validity and may increase a feel- 
ing of satisfaction that something is being done. 

Environmental control is a sensible strategy when used with severely intellectu- 
ally handicapped patients. For example, reality orientation, a strategy used widely 
with confused elderly people employs labels, signposts and noticeboards so that the 
environment is structured to reduce or avoid cognitive demands for those who 
would otherwise fail (Holden & Woods, 1982). Positioning material or information 
so that it cannot be missed is another way of achieving environmental control. 



14.2.1 Domain-specific knowledge 

Domain-specific knowledge is considered an important method of memory rehabil- 
itation. This approach emphasizes that rehabilitation aiming at the acquisition and 
maintenance of knowledge of specific domains that have practical importance for 
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the patients in daily life is crucial (Glisky Sc Schacter, 1986; Schacter Sc Glisky, 
1986). Domain-specific knowledge training can be applied to acquire various skills. 
It was developed utilizing various existing behavioral psychological approaches 
such as forward chaining (to divide a behavior into a series of steps and teach each 
step in turn, starting from the first step) and backward chaining (start from the last 
step and work towards the first step and shaping and fading the cues). The method 
of vanishing cues was developed. This method was based on the observation that 
technical learning (retention of procedural memory) and priming response such as 
fragment completion are conserved in amnesic patients. 

Although the acquisition of the domain-specific knowledge has practical signifi- 
cance, some limitations are also noted. The knowledge acquired was extremely sim- 
ple and small in quantity. The acquired knowledge cannot be put into practice and 
the knowledge is not generalized into daily life activities. 



14.2.2 Errorless learning 

Errorless learning has for many years been used to teach new skills to people with 
learning disabilities (Arkin, 1992). As the name implies errorless learning involves 
learning without errors or mistakes. Most of us can learn from or benefit from our 
errors because we remember our mistakes and therefore avoid making the same 
mistake repeatedly. The principle behind errorless learning is that when an indi- 
vidual is allowed to make errors during training those errors will interfere with the 
learning of the correct information because on future trials the errors may be 
recalled rather than the correct information. By eliminating errors and rehearsing 
only correct information the individual will have access solely to the correct infor- 
mation that will facilitate enhanced learning or re-learning of the target informa- 
tion. 

Errorless learning principles were used to train a 72-year-old man in the early 
stages of dementia of the Alzheimer type to remember names of 1 1 members of his 
social club (Clare et al., 1999). Training consisted of verbal elaboration, vanishing 
cues and expanding rehearsal. The proportion of faces correctly named increased 
significantly, rising from 22% at baseline to 98% after training, generalized well 
from photographs to real faces in the natural environment. These cognitive 
improvements were maintained 9 months later. In the majority of cases errorless 
learning proved to be superior to trial-and-error learning. 



14.2.3 Action-based memory 

In people with AD, retrieval of action-based memories, for individual actions, for 
ADL and for procedural skills is generally superior to retrieval of verbal descriptors 
of the same task (Baum et al., 1996; Hirono et al., 1997). Action-based encoding 
and retrieval strategies are more effective than verbal strategies for people with 
dementia and can be used to improve episodic memory (Hutton et al., 1996). More- 
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over, action-based training programs can lead to some performance gains on every- 
day tasks (Zanetti et al., 1997). Preservation of action-based memory clearly has 
major practical implications. The most essential remembering required by people 
with AD in everyday life is activity-based and successful participation in tasks of 
daily living which can promote both greater functional independence and significant 
psychological benefits for the patient. A longitudinal study was designed to exam- 
ine memory for a single routine activity (tea making) of daily living in people with 
AD (Rusted &c Sheppard, 2002). Memory assessment in a natural setting, visiting 
AD patients in their homes, video-taping performance on selected tasks and analyz- 
ing the record for the presence or absence of each of its component actions over a 
period of 6 years was performed. Large differences in the rate of decline of the 
patients with substantial preservation of performed recall of the everyday task even 
in the more severe phases of the disease were noted. The pattern of decline shows a 
benign degradation of the memory trace with omissions comprising the most com- 
mon category of errors and the data contrasted with the more dramatic action dis- 
organization syndrome associated with frontal injury. Memory for action-based 
events or “scripts” is hierarchically structured. As memory for the event degrades 
over time, it is the less important details that are lost while the key elements of the 
event are retained. This study also showed that removing the AD patient from a 
familiar tea-making environment and into a novel one increased the overall likeli- 
hood of making omission and repetition errors and the disruption of the routine but 
did not induce qualitatively different types of error. Though a new environment 
made retrieval harder, the availability of motor and item cues was more important 
than the availability of spatial and location cues. 



14.2.4 Reality orientation 

Reality orientation is the teaching of specific information related to the orientation 
and environment in which the patient resides. It involves reminding patients with 
dementia about the various aspects of their environment including time, place, per- 
son in structured daily groups or in more informal ways (e.g., signposts). In prac- 
tice, patients are asked questions such as “Who are you?”, “Who is talking to you?” 
and “What is going on now?” and then their false responses are corrected by ther- 
apists. Information regarding time and place is also given to the patient. The thera- 
pists must present the information to the patient in a very clear and simple fashion. 
The patient is recommended to rehearse and talk to his won family and other 
patients. It is important that the therapist knows the details of the patient’s family 
and their past history so that he can assess the patient’s remarks and progress. 
Improvement in orientation is observed in well-structured formal reality orientation 
irrespective of whether it is conducted in groups or individually (Hanley, 1986; 
Greene, 1984). Combination of reality orientation with other memory training 
strategies may provide better results. For example, a combination of reality orien- 
tation with instruction using an alarm clock and a timetable was used successfully 
in training patients with early Alzheimer type dementia (Kurlychek, 1983). Reality 
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orientation combined with attention process training in the rehabilitation for elder- 
ly dementia patients was also successfully applied (Honda &c Kashima, 1992). 



14.2.5 Metacognition Improvement 

Many amnesic patients cannot assess their memory impairment correctly or are not 
aware of the insults at all. Amnesic patients’ failure to use memory strategies and 
lack of generalization of the rehabilitation effects are often attributed to the lack of 
metacognition. Recently, approaches to improve metacognition or self-assessment 
of the memory disorder have been attempted. 



14.2.6 Spaced retrieval 

The spaced retrieval technique was initially introduced to assist normal subjects 
with long-term retention of information (Landauer & Bjork, 1978). It is believed 
that spaced retrieval involves little cognitive effort and therefore is also beneficial 
when used with memory-impaired individuals. For example, spaced retrieval was 
deemed successful in training motor and verbal tasks with Parkinson’s dementia 
patients (Hayden & Camp, 1995). 

Spaced retrieval has also been found to be successful in training internal mem- 
ory strategies with dementia patients (Schacter et al., 1985). Spaced retrieval 
appears to be effective for dementia patients because it relies mostly on implicit 
memory, which remains relatively spared in dementia of the Alzheimer type. A 
group of patients described by Camp & Stevens (1990) were able to learn face-name 
associations when the spaced retrieval technique was implemented. Furthermore, 
half of the patients were able to retain the newly learned information over a one- 
week interval as well as at a 5-week follow-up session. McKitrick & Camp (1993) 
successfully used spaced retrieval to re-teach a patient with AD names of objects 
encountered in her everyday life. This study involved training the patient’s caregiv- 
er to implement the spaced retrieval technique to maximize functionality. 
Researchers have also used spaced retrieval to teach dementia patients to select and 
redeem a coupon for money (McKitrick et al., 1992). It has also been demonstrat- 
ed that spaced retrieval is successful in teaching dementia patients associations 
between cues and specific tasks or behaviors (Bird &c Kinsella, 1996). Taken togeth- 
er, these results indicate spaced retrieval to be successful for dementia patients of 
varying severity levels (MMSE score of 11-25) (Brush & Camp, 1998). 



14.3 Some other forms of treatments 

Researchers have demonstrated a connection between a relaxed state and anxiety 
reduction in various subject populations. Scogin et al. (1992) found that both pro- 
gressive and imagined relaxation alleviated subjective anxiety in an elderly popula- 
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tion. In a controlled clinical trial of psychological therapies for depression in AD, 
patients with AD who met DSM-III-R criteria for major or minor depressive disor- 
der were randomly assigned to one of two active behavioral treatments (one of them 
emphasizing pleasurable events and the other emphasizing carer problem solving), 
or to comparison treatments that included usual clinical care and a waiting list con- 
trol condition (Teri et al., 1997). Patients in both active treatments showed signifi- 
cantly greater improvement in depression compared with those in the control 
groups. These benefits were maintained at 6-month follow up. 

Exercise program, usually consisting of walking for 20-60 min, is valuable for 
as long as the patient is able to do this. There are likely benefits, but most impor- 
tantly, while physical decline, frailty, and falls are to be expected, these are not 
inevitable, and can be attenuated. Strategies to minimize behavioral disturbance are 
also valuable, and, if effective, do not carry the risk of adverse effects common with 
psychotropic and sedating drugs, especially during the treatment of agitation. 

Reminiscence group therapy involves the use of past memories to generate inter- 
est, social interaction and pleasure in patients with dementia. It may have a role in 
reducing aggression and demanding behavior. 



14.4 Imagery mnemonics 

Mnemonics, rehearsal strategies and study techniques are all ways of helping peo- 
ple use their damaged skills more effectively. They probably work because they 
encourage a deeper level of processing that results in better recall (Bower, 1972). 
Previously isolated items are integrated with one another and they provide inbuilt 
retrieval cues in the form of initial letters, locations or pegs. The real value of 
mnemonics is that they are useful for teaching new information and are usually bet- 
ter than rote rehearsal. Experimental research has demonstrated that instructions 
and training in the use of mental imagery lead to consistent, reliable and substantial 
improvements in memory performance (Richardson, 1980). This applies both to the 
use of simple interactive images in verbal-learning tasks and to more complicated 
mnemonic systems such as the pegword method or the method of loci (Yates, 1966). 

Cognitive demands of everyday situations may best be handled using other 
strategies or devices such as diaries or notepads. In particular, imagery mnemonics 
may well be of very little value in learning the names of other people, in recalling 
messages and in remembering to do things. However, although imagery is less effec- 
tive for remembering people’s names than for learning paired associates, Wilson 
(1987) found that it could be used to remember a small set of simple, familiar 
names, provided that the task was highly structured. The latter might be an impor- 
tant and legitimate goal in the context of memory rehabilitation. When applying 
mnemonics, therapists should teach only one thing at a time and not expect memo- 
ry-impaired people to learn several pieces of information at once. Individual styles 
and preferences should be taken into account. Mnemonic strategies likely enable a 
damaged memory system to function more efficiently, albeit in the same general way 
as it did premorbidly. 
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14.5 External aids 

Diaries, notebooks, lists, alarms, wall charts, calendars, tape recorders and com- 
puters are some of the means employed to compensate for memory impairment. 
Most people will have used such external memory aids at one time or another. Some 
patients resist using such aids because they feel that it is cheating or that natural 
recovery might be slowed down. Such resistance should not be encouraged because 
it is important to use any approach that may be helpful to memory. Patients may 
need to be reminded that people with good memories frequently rely upon external 
aids. Their use will not slow down any natural recovery. 

One new external memory aid that requires little in the way of learning and that 
could prove useful for all elderly people is NeuroPage, a system based on radiopag- 
ing technology (Hersh &c Treadgold, 1994). The scheduling of reminders for each 
individual is entered into a computer and from then on no further human interfac- 
ing is necessary. At the appropriate day, the message is delivered to the person from 
the paging company. An audible or vibratory alarm sounds alerts the subject to look 
at the screen on which the relevant message appears. NeuroPage avoids many of the 
problems inherent in other external aids. It is portable and does not require large 
investment of time or effort to learn how to handle. Preliminary results from the 
USA and the UK are encouraging. 



14.6 Discussion 

These patients definitely need a lot of support, encouragement and understanding. 
Behavioral and compensatory approaches to rehabilitation clearly have great value, 
although they often leave theoretical understanding of the processes of recovery and 
the mechanism of action of rehabilitation unresolved. The ultimate goal of any cog- 
nitive rehabilitation is independence in functional living activities, thereby improv- 
ing the patient’s work or study skills. There remain several unsolved problems such 
as the extent to which improvement on trained items generalizes to untrained items 
and difficulty in initiation and use of the newly learned strategies without prompt- 
ing. In a study that assessed the efficacy of cognitive intervention consisting of train- 
ing in face-name associations, spaced retrieval and cognitive stimulation in a sam- 
ple of patients with probable AD, it was shown that during the intervention, AD 
patients significantly improved (Davis et al., 2001). However, cognitive improve- 
ment was not observed in additional neuropsychologic measures of dementia sever- 
ity, verbal memory, visual memory, word generation or motor speed or to caregiv- 
er-assessed patient quality of life. For the majority of memory-impaired people, it is 
unrealistic to expect complete recovery. This does not mean that nothing can be 
done to help. Probably, the most useful way of compensating for memory improve- 
ment is to use external memory aids. 

The methodological issues in undertaking clinical studies of cognitive rehabilita- 
tion are complex. The need for a randomized design, including a group that receives 
no cognitive rehabilitation, raises ethical concerns despite the very limited support 
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for this treatment approach. Comparisons of different strategies of cognitive reha- 
bilitation or schedules of treatment (e.g., high versus low frequency of sessions with 
suitable controls for nonspecific effects of treatment) could provide important effi- 
cacy data. 

Educating health professionals about AD, its consequences and care is essential 
at every phase of its progression and in every setting. Providing information to 
memory-impaired people and their relatives is crucial in memory rehabilitation. 
They should be informed of the nature of memory impairment and why certain 
problematic behaviors such as constantly repeating a question occur. Emotional 
support and educational information can help caregivers cope with feelings of anger 
and frustration in response to the patient’s behavior. Caregiver support can also 
delay the placement of patients into nursing homes. Families can be encouraged to 
modulate the patient’s environment in various ways to provide moderate stimula- 
tion, make use of familiar surroundings and daily routines, maintain links with the 
outside world and enhance communication. 




Chapter 1 5 

Discussion and conclusion 



Progress in cognitive psychology, neuropsychology and more recently, brain imag- 
ing research has provided experimental tools for the objective investigation of 
remembering and provided a means to link cognitive-level description with under- 
lying neural processes. Recent findings indicate that acts of remembering may be 
separated into component processes that are subserved by dissociable brain regions. 
Methods that combine techniques such as methods based on electrical activity 
(MEG and EEG) and hemodynamic methods (fMRI and PET) provide considerable 
potential for widespread characterization of the dynamic processes associated with 
remembering. AD can be predicted on the basis of structural changes within the 
medial temporal lobe and many believe that functional changes precede the gross 
structural changes by several years (see Buckner & Wheeler, 2001). One strategy to 
detect the earliest stages of dementia has been to measure medial temporal activity 
during memory processes using brain-imaging methods. However, structures within 
the medial temporal lobe are relatively small and have been a difficult challenge for 
imaging. 

The “aging” of the brain and pathology resulting from age-associated insults to 
the brain are assumed to underlie the deficits in speed and memory performance. 
Cognitive aging is an exciting area of investigation. There is evidence that cognitive 
diversity increases with increasing age and that the extent of cognitive change can 
be predicted to some degree by a number of risk factors, including health, Apo E4 
and disability (Christensen, 2001). Much is known about predictors of cognitive 
change but the new challenge is to identify causal relationships. A next step in this 
process is to investigate factors that change with cognitive change over time in large 
longitudinal studies. Proposed brain or cell processes capable of mediating such 
diverse but related changes include CBF and decreased metabolic rate, mitochondr- 
ial dysfunction, age-related myelin degeneration and various neurotransmitter 
depletions. 

A large body of literature in the field suggests that gene mutations cause geneti- 
cally inherited, early-onset AD (Tanzi,1999). Although research has grown expo- 
nentially during past 5 years and cell biological functions of APP, PSs and Apo E are 
beginning to be understood, we are still lacking the molecular basis and order of 
events involved in the disease process. The currently held view (amyloid hypothesis) 
is that AD begins with the deposition of large numbers of SPs. This then sets up a 
series of events, including alteration in tau that in turn lead to neuronal dysfunction 
and dementia. 

Clinical trials of treatments for AD present a considerable problem both in eth- 
ical terms with regard to the notion of informed consent and in practical terms with 
regard to assessing behavior and cognitive function in demented patients. However, 
ways of dealing with these issues have been found. An objective assessment of the 
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effects of drugs in AD patients has been developed. One area that has yet to be ade- 
quately addressed is the design of outcome measures in primary prevention trials. It 
is now accepted that AD pathology in the brain begins many years before clinical 
symptoms emerge and that delaying onset of symptoms by about 5 years would 
have a major impact on disease prevalence (Brookmeyer et al., 1998). A major bar- 
rier to conducting such trials is the enormous effort and cost of conducting period- 
ic clinical evaluations to determine if subjects have declined or developed dementia. 
Enrichment strategies can be used to select subjects for prevention trials who are at 
increased risk of developing AD (e.g. high age, family history of AD, Apo E 4 geno- 
type). Enrichment may facilitate “proof-of-concept” prevention trials by enabling 
designs with smaller sample sizes and shorter observation periods but with the 
potential risk of reduced ability to generalize the results. Even modestly effective 
interventions that delay the onset of AD by 1 to 3 years will substantially alleviate 
the growing economic and societal burden with this disease. 

Early diagnosis of dementia has become a major focus of research in neuropsy- 
chiatry and related fields not least because of anticipated high individual and soci- 
etal benefits in early detection of elders at risk as well as of reassurance to those nor- 
mally aging. Patients with MCI should be monitored every 6 to 12 months for con- 
version to dementia. It is crucial that dementia be recognized and evaluated at the 
earliest stage so as to begin appropriate therapy and allow the patient to have a role 
in management decisions. Neuropsychologic assessment of AD can provide reliable 
and objective measures of cognitive function and be an important adjunct to the 
clinician who is assessing a patient for dementia. The ability of psychometric tests 
to identify AD, however, is greatly influenced by variables such as the patient’s edu- 
cational attainment, age, and social background. Cross-cultural research in cogni- 
tive assessment has been encouraged in these areas (Ardilla, 1995). Neuropsycholo- 
gists can help clarify uncertainties in diagnosis and ascertain cognitive and func- 
tional impairment. Rating scales are needed for research and clinical practice. 
Clinicians benefit from these tools in being more able to appreciate the presentation, 
severity, frequency and clinical course of AD and treatment responses. However, it 
is important that the use of scales does not negate the appreciation of clinical judg- 
ment. It is still necessary for clinicians to make clinical judgments concerning their 
patient on the simple basis of what they see. 

Abnormally low metabolic activity in the posterior cingulate cortex has been 
consistently observed in AD and may be the earliest metabolic abnormality 
detectable by functional imaging in that disorder. Future studies should assess the 
possible clinical value of autobiographical memory retrieval tasks as fMRI probes 
of the functional status of this region in individual patients being assessed for early 
AD. 

Probably, the most widely used scale for measuring change in cognitive function 
is the ADAS-cog and for overall function, the CIBIC-plus. Assessments of the ADL 
are also included in some trials. Many scales are not sensitive enough to measure 
clinically apparent changes in behavior such as reduction in screaming from every 
minute to once or twice daily. In addition, few scales are available to measure the 
impact of the environment on a patient’s behavior. Given these limitations, it may 
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be important to concentrate on how the information is obtained rather than on the 
particular rating scale used. For example, having several different caregivers com- 
plete the scale may affect a study’s outcome. 

Assessment methods that rely on neuropsychological batteries may not detect 
subtle impairments because test performance may not reflect the patient’s impaired 
ability to carry out customary activities of daily living. A history of declining cog- 
nitive and functional performance in relation to that individual’s previous abilities, 
however, can be sensitive to early-stage dementia, even when cognitive test perfor- 
mance is within a normal range (Tierney et al., 1987; Crum et al., 1993; Morris et 
al., 1996). This history usually is obtained from someone who knows the individ- 
ual well, such as a family member. Evaluation procedures that are based on neu- 
ropsychological tests rather than collateral source information may not detect sub- 
tle cognitive and functional decline in MCI or in putatively nondemented individu- 
als. Although sensitive clinical and neuropsychological assessment methods can be 
helpful in this regard, the development of a biological marker that relates directly to 
the clinical and pathological changes of AD ultimately may be required to identify 
prodromal and preclinical states. These states may be the optimal targets of eventu- 
al disease-modifying treatments. 

For now, clinically validated treatments for AD remain confined to symptomatic 
interventions such as treatment with AChE inhibitors and drugs that ameliorate 
behavioral disturbances. Cl produce modest improvement in cognition in patients 
with mild to moderate AD. Recent research suggests that earlier treatment provides 
greater benefit in the long run and that patients continue to benefit from 
cholinesterase inhibitor therapy well into the severe stages of the disease. The clini- 
cal, genetic or biological variables that regulate long-term efficacy of cholinesterase 
inhibitors in AD are still unknown and it is not possible to predict who will benefit 
from the treatment. A recent study showed that high cholesterol levels correlated 
with faster decline at 1-year follow up in AD patients on cholinesterase inhibitors 
(Borroni et al., 2003). These findings suggest that serum cholesterol is a modulating 
factor of treatment response and additional therapies aimed at reducing treatable 
high cholesterol levels may represent an alternative strategy to improve cholin- 
esterase inhibitor efficacy and slow down disease progression over time. Current 
research is also focused on therapies that will target the underlying pathologic mech- 
anisms of AD. Attention should now be directed to strategies to detect preclinical 
AD during life to improve understanding of the pathologic role of A(3 deposition 
and to maximize the opportunity for prevention prior to the occurrence of demen- 
tia. Preclinical research has shown that active immunization with the human amy- 
loid peptide (A(342) or passive immunization with anti-A(342 antibodies protects 
mice that express a mutant human APP transgene from cerebral amyloid deposits. 
Perhaps, a high titer of anti-Ap42 antibodies may protect humans from AD. A 
recent study showed that patients with AD have lower levels of serum anti-amyloid 
peptide antibodies than healthy elderly individuals (Weksler et al., 2002). 

An important issue that needs to be addressed is whether the response to phar- 
macological interventions of patients with probable AD but few other disorders that 
are being treated with few concomitant drugs, as measured in the structured setting 
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of a clinical trial by teams of well-trained raters can be observed for individual 
patients in the office setting of a lone clinician. Much has been achieved but much 
more remains to be done to prevent the losses of cognitive function, emotional 
integrity, enjoyment of life and personal dignity associated with AD. Much remains 
to be learned about when to start treatment, how to measure response in clinical 
practice and when to stop treatment for lack or loss of efficacy. Doctors should pro- 
vide patients and/or caregivers with realistic expectations regarding pharmacologi- 
cal treatments, explain the problems associated with non-adherence to therapy and 
recognize the importance of adherence during the first to six months of treatment 
to better assess and maximize potential benefit. 

Neuropsychological management of memory problems consists of internal 
strategies and external compensations. Although the internal strategies permit the 
patient to learn new information, their range is limited. It has not been accepted that 
such training will provide a significant improvement in the general level of memo- 
ry. Richardson (1992), though appreciating the utility of the visual imagery 
approach, recommended that the patient’s efforts should be directed toward 
improving metacognitive skills and gaining knowledge in a field of practical value 
instead of seeking proficiency at strategies that are often not used in actual every- 
day settings. Therefore, the realistic goal of memory rehabilitation appears to assist 
the patient to build up knowledge in a specific field required in daily life by using 
external memory devices. 
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